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with a base station (300) that includes a TVM transmitter (304) and loop for transmitting a TVM signal to the cordless headset (400), and 
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VERY LOW POWER CORDLESS HEADSET SYSTEM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 The present invention relates to short range wireless 

communication systems. More particularly, the present 
invention relates to short range inductively coupled 
communication systems having an expanded channel capability. 

2. Description of Prior Art 

10 Short range wireless communication systems are of 

significant importance for a variety of applications. 
Although many applications are quite common, such as cordless 
telephones, "walkie talkies" and cordless microphones, a large 
number of other potential applications also exist. Such 

15 potential applications, which could include virtually any 

system employing audio cord coupling, have generally not been 
exploited due to limitations in existing short range 
communication systems. 

There are four basic wireless communication systems in 

20 use today: acoustic, radio frequency, infrared and inductive. 

Each of these has performance characteristics, and attendant 
advantages and limitations, well known to those skilled in the 
art. For example, acoustic communication is short range, can 
cover large groups of people and is subject to interference. 

25 Radio frequency (or RF) communication in turn is long range 

and can use many forms of modulation including amplitude 
modulation (AM) and frequency modulation (FM) for transmitting 
signals on an RF carrier. Infrared communication is generally 
limited to short range, line of sight communication and is 

30 immune to forms of interference other than light. The cost 
vs. range vs. fidelity of each method is well known to those 
skilled in the art. 

The last noted approach to short range wireless 
communication employs inductively coupled, or magnetically 

35 coupled, wireless transmission. In particular, this approach 
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has been employed in hearing assistive devices for 
communication between a belt worn radio and a small hearing 
aid of the type worn behind the ear (BTE) or in the ear (ITE) . 
Cordless coupling between the belt worn device and the ITE or 
BTE hearing aid is important both for aesthetic reasons, in 
view of the fact that hearing aid wearers usually desire to 
avoid calling attention to their hearing disability, as well 
as for practical reasons relating to awkwardness relative to 
a cord directly attached to a BTE or ITE hearing aid. 

In such a hearing assistive application, the belt worn 
receiver or microphone is coupled via a cord or cable to a 
loop which is worn under the clothing of the hearing aid user 
and encircles the user's neck. The ITE or BTE hearing aid in 
turn has an inductive pick up loop therein, for example, the 
inductive loop employed for picking up telephone audio (so 
called teleloop, T-loop or T-coil) , to pick up the audio 
signal from the neck worn transmission loop. The audio 
signals from the belt worn audio source directly amplitude 
modulate the current through the neck worn loop to produce an 
amplitude modulated signal in the audio frequency band. This 
is commonly referred to as a base band amplitude modulation 
system, since no carrier frequency is employed (as in the case 
of RF transmission) . The use of an inductive loop allows 
connecting cords to be omitted from the ITE or BTE hearing aid 
thus providing the advantages of aesthetics, i.e., removing 
visible cords from the hearing impaired user, as well as 
convenience due to the lack of cords which may become tangled 
or interfere with the actions of the user. 

One advantage of an inductively coupled system relative 
to an RF transmission system is that since that such an 
inductively coupled system operates in the audio frequency 
range, FCC regulation is not applicable and problems related 
to FCC licensing are avoided. Another advantage of inductive 
coupling for short-range communication systems of this type is 
that low power consumption is associated with the system. Due 
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to the desired small size of the hearing aid, low power 
consumption is a key requirement since any batteries employed 
must be of small size and hence limited in power supply 
capabilities. Also, the transmitter portion of the system, in 
the noted example a belt worn device, may be battery operated 
and hence sensitive to power consumption. 

A significant disadvantage of an inductively coupled base 
band amplitude modulated system is the tendency to experience 
signal variations due to changes^in the relative orientation 
of the receiving coil and the transmission loop as well as 
sensitivity to distance between the receiving coil and 
transmission loop. This not only causes fading in and out of 
the signal as the user moves about, but also creates serious 
signal to noise problems where lower magnitude audio signals 
are being transmitted. 

In addition, the electrical inductance of either the 
transmitting or receiving coil is inversely related to the 
bandwidth of the system. Increasing the electrical inductance 
reduces the bandwidth, providing a n Catch-22" where wide 
bandwidth low power transmission is desired. 

Another problem of base band inductively coupled systems 
is the high background noise typically present due to the 
magnetic fields of common electrical devices. A base band 
magnetic element (pick up coil) typically has its resonance in 
the audio range, and a typical system has a sensitivity around 

2 milliGauss (mG) . Electrical appliances, motors, fluorescent 
lights produce a magnetic field in the 60-120 Hz range, which 
overlaps the audio range and can be detected in base band 
operation. The following are typical magnetic field strength 
of a variety of electrical devices, measured at a distance of 

3 feet. 



Fluorescent Lights 
Electric Toaster 



3 mG 



3 mG 



Electric Motor 



2 mG 



House Wiring 



2 mG 
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Electric Blanket 100 mG 

When compared to an inductive coupled base band system 
sensitivity of about 2 mG, it is clear these items have enough 
of a magnetic electric field to cause significant interference 
in base band systems. 

There are thus several serious limitations associated 
with base band systems: signal fading with varying distance 
and orientation of the receiver with respect to the loop; 
signal to noise ratio deterioration with distance; 
restrictions on the signal bandwidth by parameters of the 
circuit elements; and presence of high background noise due to 
common electrical devices. Therefore, the quality of audio 
communication provided by base band systems has been less than 
desired. 

As a practical application of a short range communication 
system, the replacement of corded headsets with cordless 
headsets for communications between the headset and a base 
station has known practical advantages. 

Traditional corded headsets for use in two-way 
communication provide the user with noise reduction from the 
surrounding environment as well as privacy. Corded headsets 
suffer, however, from numerous disadvantages including 
excessive weight and size which leads to wearing discomfort 
after several hours of use. Additionally, cords present 
another problem for headset users. Cords tend to tangle, 
break, and limit the area of operation of the headset. Also, 
corded headsets often require electrical isolation from the 
main panel or console as a preventative measure against 
electrical shock. 

Advantages afforded by cordless headsets are many and 
include the capability of providing the wearer with 
flexibility as to physical movement, in addition to acceptable 
levels of signal to noise performance. The ability to conduct 
two-way communications while still having the freedom of using 



• 
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both hands is a primary benefit of the cordless headset. Air 
traffic controllers, stock brokers, secretaries, busy 
executives , telemarketers, operators, receptionists, and 
others often use headsets in everyday applications. A 
5 cordless headset would enable such persons to enjoy much more 

flexibility in terms of movement. Existing cordless headsets, 
however, often can cause the wearer discomfort due to their 
large size and weight. Current power requirements for 
cordless headsets contributes to the uncomfortably large size 

10 of the currently available headsets. While the cost of the 

available cordless headsets tends to vary, the circuitry 
associated with the needed transmitter and receiver 
components, and power requirements, have kept cordless 
headsets uniformly more expensive than corded headsets. In 

15 addition, privacy considerations often limit the use of 

cordless headsets since it is possible for third parties with 
a receiver tuned to the proper frequency to listen in on 
communications between a base station and the headset. 

The typical cordless headset provides for two-way 

20 communications between a headset and a base unit. The two-way 

communications typically use only one mode of transmission: 
radio frequency, infrared or magnetic coupling. 

RF headsets are the most commonly used for two way 
communications. In an RF headset, both the receiver and 

25 transmitter are RF. Two accomplish full duplex 

communications, a separate transmit and receive channel are 
required. Because of the difficulty in controlling RF 
radiation patterns, additional channels are often required. 
However, due to the limited number of available channels in 

30 the radio frequency spectrum, users are required to share the 

available channels. In addition to causing interference, this 
places restrictions on the number of users in a given area. 

Designers of RF headsets often try to make greater use 
out of the limited number of RF channels. Spread spectrum and 

35 frequency synthesis are two popular methods that make greater 
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use of the available channels. Such techniques have shown 
promise in making optimum use out of the available number of 
RF channels, however, both techniques require complex 
circuitry which consumes space and power, thus adding to the 
size and weight problems discussed above. In addition, such 
circuitry adds to the cost of the system. 

Further, in RF headsets, Frequency Modulation, or "FM," 
is the preferred method for modulating the RF carrier. As 
those skilled in the art will appreciate, FM modulation 
delivers a higher quality signal than Amplitude Modulation or 
"AM." Of course, the detection scheme for FM modulation is 
more complex than that for AM, and thus requires more 
circuitry. The FM modulated carrier typically operates at a 
duty cycle greater than 50% and therefore requires more power 
for transmission than a signal that would be modulated at a 
lesser duty cycle. Further, unless expensive coding 
techniques are used, the transmission of RF signals between 
the base station and the headset enables third parties to 
intercept the transmitted signals, thus creating additional 
concerns regarding the security of the communications. 

Infrared headsets are not susceptible to interference 
problems associated with limited channel availability as are 
RF headsets, but are restricted to line of sight 
communication. While line of sight communications provide for 
a relatively secure communication link, thus relieving some 
privacy concerns, infrared communications can require a 
considerable power supply. For example, the amount of power 
required by an infrared headset is proportional to the ambient 
light conditions in the user area and the range or distance 
from the base station. Thus, as the ambient light level 
increases, the power that is needed to overcome the ambient 
light noise floor to complete the transmission from the 
headset to the base station also increases. Similarly, as the 
distance from the headset to the base station increases, the 
power required to transmit a signal from the headset to the 
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base station also increases. 

While allowing significantly more freedom of movement 
than is possible with corded headsets, infrared systems suffer 
some mobility limitations due to the line of sight requirement 
associated with using infrared beams. If the infrared beam 
between the base station and the headset is blocked, the user 
will be unable to maintain a communication link. In 
situations where communication integrity is essential, for 
example, air traffic control, the possibility of a base 
station/headset communication link interruption may prevent 
the use of infrared cordless headsets. 

Magnetically coupled headsets offer limited performance 
within a given area but are highly susceptible to the magnetic 
interference from fluorescent lights, motors, computer/CRT 
monitors, video monitors and any large power generator 
producing a magnetic field. Magnetically coupled headsets are 
also susceptible to large changes in signal strength if the 
distance or orientation with respect to the base station is 
varied. In addition to susceptibility to signal level 
variations, a large amount of power is required to transmit a 
magnetically coupled signal over a given distance. Such power 
requirements can limit the operating life of the headset 
battery or require larger and heavier batteries to maintain a 
reasonable operating period between battery recharge or 
replacement . 

A common denominator among the above-discussed three 
primary methods of signal transmission between two-way 
cordless headsets and a base station is concern over the power 
requirements for the headset. As one skilled in the art will 
appreciate, battery power for a cordless headset will 
generally be the determining factor as to the size, weight, 
operating life and range or distance over which the headset 
may be used. Further, the size and weight of the headset will 
directly impact the ergonomics of such a device, and thus the 
comfort level of the user wearing the headset. 
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Accordingly, it will be appreciated that a need presently 
exists for a short range wireless communication system which 
consumes relatively little power and which can be implemented 
without complex circuitry. It will be further appreciated 
5 that a need presently exists for a short range wireless 

communication system which provides good audio quality 
reception and which is not subject to the above-noted 
problems. It will be further appreciated that a need 
presently exists for a short range wireless communication 

10 system which is not subject to federal regulations involving 

long range communication systems. 

Further, as the above discussion illustrates, a need 
currently exists for a very low power consumption cordless 
headset that includes expanded channel capability in 

15 communicating with a base station. Such a headset must be 

comfortable enough for extended wear, yet also provide longer 
battery life, and provide equivalent or improved signal to 
noise ratios and interference resistance than that currently 
available with the above-discussed transmission modes. 

20 

SUMMARY OF THE INVENTION 

The present invention provides a short range wireless 
communication system which consumes very little power and 
which employs relatively simple and inexpensive circuitry for 

25 both the transmission and reception portions of the system. 

The present invention further provides a short range wireless 
communication system which is not subject to amplitude 
variation and noise problems related to orientation and 
distance of the transmission and reception portions of the 

30 system. 

The short range wireless communication system of the 
present invention employs Time Variant Modulation (TVM) along 
with inductive (or magnetic) coupling of a transmission 
element and a receiving element to achieve the above-noted 
35 results. More specifically, the present invention employs 
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transmission of a relatively high repetition rate train of 
relatively constant amplitude pulses which are modulated by 
the audio frequency signal desired to be transmitted. The 
characteristics of the pulse train which are modulated by the 
audio frequency input signal relate to the time domain. For 
example, the duration of each pulse in the pulse train may be 
modulated so that it corresponds to the instantaneous 
magnitude of the audio frequency input signal. 

The modulated high repetition rate pulse train is 
provided to the transmission element which is magnetically 
coupled to a receiving element. The receiving element is 
configured in a receiver and at least one of the elements is 
freely movable relative to the other. For example, the 
receiver may be configured in a head worn device such as a 
headset or in-ear receiver, or in a hand held or other 
portable receiver. The magnetically induced current in the 
receiving element, which may be a simple loop, drives a pulse 
detector and demodulator circuit which decodes the time 
variant modulated pulses and reproduces the original audio 
frequency signal. This reproduced audio frequency signal is 
then provided to a speaker for reproduction of the audio 
signal . 

In a preferred embodiment, the transmission or modulating 
circuitry may employ a relatively straightforward sawtooth 
wave generator, triangle wave generator or other substantially 
linear waveform generator. The linear waveform is compared to 
the audio frequency input signal to generate a time variant 
modulated pulse train. This pulse train preferably has a 
pulse frequency (i.e., repetition rate) at least 2.6 times 
that of the highest frequency in the audio frequency signal to 
be transmitted, typically 30 kHz for normal audio signals 
falling below 12 kHz. The high repetition rate modulated 
pulse train is provided, via an magnetic element driving 
circuit, to an magnetic transmission element which is of 
dimensions and configuration adapted for the specific 
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application. For example, a neck worn or belt worn loop may 
be employed for transmission from a portable transmitter/audio 
source to a head worn device such as a headset or an ITE or 
BTE hearing aid. Much larger fixed loops or other elements 
may be employed where transmission is desired to multiple 
receivers in an enclosed space, such as a room, instead of an 
individual head worn device. 

The receiving or demodulating circuitry may also be 
relatively simple. For example, in the case of modulation of 
the pulse train duty cycle, referred to herein as symmetry 
modulation, a simple RC (resistor and capacitor) circuit may 
be employed to integrate the pulses to demodulate the time 
domain modulated pulse train and reproduce the audio signal at 
the receiver. For application in a head worn device, a very 
low power amplifier is all that is required to drive a speaker 
worn in the ear or adjacent the ear of the user. The receiver 
may thus provide both low cost and lightweight construction 
with very little power consumption. 

It will be appreciated by those skilled in the art that 
the present invention, employing modulation in the time domain 
as opposed to the amplitude domain, avoids the problems 
associated with amplitude modulated base band magnetic coupled 
systems related to amplitude sensitivity to orientation and 
distance between the transmitting and receiving loops. In 
particular, since all the pulses in the pulse train are of the 
same magnitude, with only their duration or other time 
characteristics being modulated in response to the input, 
variations in coupling efficiency between the transmitting and 
receiving magnetic elements will not affect the demodulated 
output signal. Furthermore, the pulse magnitude and/or 
receiver sensitivity may be chosen so as to provide a desired 
signal to noise ratio. 

Further, a cordless headset using Time Variant Modulation 
(TVM) for reception of a magnetic signal and TVM of RF or 
infrared, or other communication modes, as the transmitter 
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offers advantages over prior art cordless headsets which use 
only infrared or RF for both transmission and reception. The 
headset area or zone of operations is defined by the magnetic 
field that the headset operates within and uses a handshake 
5 protocol that takes advantage of the TVM fixed clock period. 

The headset and base station receiver can both be fixed, 
mobile or portable and vary with respect to orientation and 
distance from each other. The receiver circuits in both base 
station and headset automatically adjust to the variance in 

10 signal strength. Such a system provides for cordless 

headset communications which overcome the problems associated 
with prior art cordless headsets discussed above. 

Accordingly, it will be appreciated by those skilled in 
the art that the present invention provides a short range 

15 magnetically coupled wireless communication system which 

overcomes the above-noted problems in the prior art. Further 
features and advantages of the system of the present invention 
will be appreciated by review of the following detailed 
description of the invention. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 is an electrical schematic drawing in block 
diagram form of the short range magnetically coupled wireless 
communication system of the present invention. 
25 FIGURE 2A is a timing diagram illustrating the 

unmodulated pulse train provided by the transmission circuitry 
of the short range magnetically coupled wireless communication 
system of the present invention. 

FIGURE 2B is a timing diagram illustrating the pulse 
30 train of FIGURE 2A after being modulated by an input audio 

frequency signal. 

FIGURE 3 is a schematic drawing of the loop geometry and 
field strength for the data of Table 1. 

FIGURE 4 is a graph illustrating the relationship between 
35 signal to noise ratio, bandwidth and modulation index for the 
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wireless communication system of the present invention. 

FIGURE 5 is a block diagram of the time variant 
modulation (TVM) pulse generator of the system of FIGURE 1 in 
accordance with a preferred embodiment employing symmetry 
modulation. 

FIGURE 6A is a timing diagram illustrating a sine wave 
input signal and a sawtooth waveform which are combined to 
provide a square wave variable duration output pulse train as 
illustrated in FIGURE 6B, 

FIGURE 7 is a block diagram of a demodulator circuit 
employed in the receiver portion of the short range wireless 
communication system of FIGURE 1. 

FIGURE 8 is an electrical schematic diagram illustrating 
the modulator circuit of FIGURE 5 in more detail. 

FIGURE 9 is an electrical schematic drawing illustrating 
a preferred embodiment of the demodulator circuit of FIGURE 7. 

FIGURE 10A is an electrical schematic drawing of a 
threshold detector employed in the circuit of FIGURE 9. 

FIGURE 10B is a waveform diagram illustrating the 
operation of the circuit of FIGURE 10A. 

FIGURE 11A is a block diagram of a TVM pulse generator 
circuit in accordance with an alternate embodiment employing 
pulse width modulation in the transmitter portion of the short 
range communication system of FIGURE 1. 

FIGURE 11B is a block diagram of the detector/demodulator 
circuit of the system of FIGURE 1 in an embodiment employing 
pulse width modulation, 

FIGURE 12A is a timing diagram illustrating the 
modulation of a triangular waveform by a sine wave signal and 
the resultant pulse width modulated square wave pulse train is 
illustrated in FIGURE 12B. 

FIGURE 13 is a block diagram of a TVM pulse generator 
circuit in accordance with an alternate embodiment employing 
pulse position modulation in the transmitter portion of the 
short range communication system of FIGURE l. 



WO 96/10878 PCT/US95/12536 

13 

FIGURES 14A, 14B and 14C are timing diagrams illustrating 
the input audio signal and a triangular waveform, the square 
wave output pulse train, and a constant width pulse output, 
respectively, provided by the circuit of FIGURE 13. 
5 FIGURE 15 is a block schematic diagram of a 

detector/demodulator circuit in the alternate embodiment of 
the present invention employing pulse position modulation 
transmission. 

FIGURE 16 is block diagram., of a TVM pulse generator 
10 circuit in accordance with yet another embodiment of the 
present invention employing pulse interval modulation in the 
transmitter portion of the short range communication system of 
FIGURE 1. 

FIGURES 17A, 17B and 17C are timing diagrams illustrating 
15 an input signal modulating a sawtooth waveform, the pulse 

transitions, and a resulting pulse train with constant width 
and variable interval, respectively, provided by the circuit 
of FIGURE 16. 

FIGURE 18 is a block schematic diagram of a 
20 detector/demodulator circuit in accordance with the embodiment 

of the present invention employing pulse interval modulation. 

FIGURE 19 is a perspective drawing of a preferred 
implementation of the transmitter portion of the wireless 
transmission system of the present invention employing a 
25 monolithic integrated circuit and thick film transmission loop 

mounted on a circuit board. 

FIGURE 20 is a perspective view of a preferred 
implementation of a receiver portion of the transmission 
system of the present invention employing a monolithic 
30 integrated circuit and receiving loop mounted on a circuit 

board . 

FIGURE 21 is a drawing illustrating an implementation of 
the present invention employing a neck worn transmission loop 
and a head worn receiver. 
35 FIGURE 22 is a drawing of an alternate implementation of 
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the present invention employing a head v/orn receiving unit and 
a transmission loop integrated into a large area such as the 
ceiling or walls of a room. 

FIGURE 23 is a graph of signal to noise ratio versus 
distance for both a base band inductively coupled transmission 
system and for the system of the present invention. 

FIGURES 24A and 24B are drawings illustrating signal 
dynamic range and coupling loss for base band inductive 
coupling and the system of the present invention, 
respectively . 

FIGURE 25 is a graph illustrating amplitude versus 
frequency for transmission with the system of the present 
invention. 

FIGURE 26 is a graph of amplitude versus frequency 
comparatively illustrating the bandwidth characteristics of 
base band inductive coupling and the transmission system of 
the present invention. 

FIGURE 27 is a block diagram of the preferred embodiment 
of a low power cordless headset system in accordance with the 
present invention. 

FIGURE 28 is a block diagram of a preferred embodiment of 
a base station for use in the cordless headset system shown in 
FIGURE 27. 

FIGURE 29 is a block diagram of a preferred embodiment of 
a headset for use in the cordless headset system shown in 
FIGURE 27. 

FIGURE 30 is a timing diagram illustrating a 
reconstructed TVM carrier signal and pilot tone used in the 
headset shown in FIGURE 29. 

FIGURE 31 is a logic diagram illustrating control of the 
headset shown in FIGURE 29 in accordance with the carrier 
signal and pilot tone illustrated in FIGURE 30. 
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PREFERRED EMBODIMENTS OF THE INVENTION 

Referring to FIGURE 1, the short range wireless 
communication system of the present invention is illustrated 
in block schematic form. As shown, the system includes a 
5 transmitter portion 10 and a receiver portion 12 which are 

separated by variable transmission distance D. At least one 
of transmitter portion 10 and receiver portion 12 is thus 
freely movable to provide such variable transmission distance 
D. The transmitter portion 10 includes a transmitting 

10 magnetic element 14 and the receiver portion 12 includes a 

receiving magnetic element 16. 

As indicated schematically in FIGURE 1 by the dashed 
line, the transmission system of the present invention employs 
magnetic coupling between the two magnetic elements 14, 16; 

15 that is, signals in the transmitting element 14 induce signals 

in the receiving element 16 by the mutual magnetic coupling of 
the two circuits formed by these two elements. The strength 
of the magnetic field provided by the transmitting magnetic 
element 14 as well as the voltage induced in the receiving 

20 element 16 may be determined empirically or estimated from 

basic magnetic theory. The basic parameters affecting 
magnetic field and induced current may be illustrated by 
considering the following basic magnetic equations and terms 
applicable for simple transmitting elements and receiving 

25 elements : 

(1) "B" is Magnetic Field (Tesla) 

, 2 



1 TESLA = 1 Newton/Amp. Meter = 1 Weber/ (Meter ) ' 
= 10 c Gauss 
30 (2) <J> is magnetic flux 

(3) <J> - BA = (Magnetic Field) • (Area) 

(4) B = -!~ = field generated with a straight 



conductor 
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(5) 



B 



2 R 



field generated in a current loop 



B = M 




field generated in a coil 



Where ^ is permeability, I = current, S = distance, R = loop 
Radius, N = number of turns, L = length of coil. 

Thus, from equations (4) and (5) , in general more current 
yields a higher magnetic field (more Gauss) . Additionally, 
the magnetic field falls with distance, in a manner depending 
on the geometry of the transmitting element. 

The induced voltage in a receiver coil depends upon the 
following equations: 



(7) v = — - • (interacting area) 
at 

where v = induced voltage, N = number of turns, 
and = rate of change in magnetic flux. 

Thus, increasing the number of turns yields a higher 
received voltage. Also, from equation (6) it will be 
appreciated that a higher rate of change of flux, usually 
associated with frequency of operation, yields more output 
voltage. The rate of change of flux ^ s related to the 

bandwidth of operation. Equation (7) in turn reflects the 
direct relation of size of the receiving coil to induced 
voltage. This means a larger area of interaction with the 
flux yields more output from the receiving element. Further 
increases in the voltage induced in the receiver loop 16 can 
be accomplished by inserting a flux concentrating material 
such as a magnetic alloy or ferrite material. 

From the foregoing, it will be appreciated that the 
magnetic coupling of the transmitting loop 14 and receiving 
loop 16 may be increased by increasing one or more of the 
following system parameters: 

1. Current in the transmitting loop. 

2. Number of turns in the receive coil. 



(6) 
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3. Size of receive coil. 

4. Flux concentrating inserts to interact with more 
magnetic flux, 

5. Transmitting loop geometry and construction* 

5 6. Increased sensitivity in the receiver circuit. 

Also, it will be appreciated that: 

7. Bandwidth requirements dictate the magnitude of 

, which also affects the magnitude of the 
magnetic coupling. 
10 It will further be appreciated that the magnetic coupling 

between the transmitting loop 14 and receiving loop 16 is 
restricted or impeded by the following factors: 

8. Distance 

9. Inductance in the transmitting loop (i.e. since 
15 inductance restricts bandwidth, the magnitude-^ 

is restricted) . 
Accordingly, it will be appreciated that the foregoing 
parameters of the system may be selected to provide the 
desired coupling, transmission distance, and bandwidth for the 

20 specific application. 

The communication system of the present invention is 
specifically designed for short range communication, i.e., 
less than 100 meters. The transmission distance D may be on 
the order of less than 1 to more than 5 the times the 

25 dimensions of the transmitting magnetic element 14 so as to 

advantageously exploit the efficient magnetic coupling between 
the transmission magnetic element 14 and the receiving 
magnetic element 16. In some applications, however, it may be 
advantageous to modify one or more of the above noted 

30 parameters, e.g. by increasing the current output to the 

transmitting magnetic element 14, to allow the communication 
distance D to be a greater multiple of the magnetic element 
diameter. Even in such applications the transmission distance 
D will be much less than that of RF communication systems 

35 which provide communication over distances many thousands of 
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times the size of the transmitting antenna. 

It should further be appreciated that the relative 
dimensions of the transmitting magnetic element 14 and 
receiving magnetic element 16 , are not to scale in FIGURE 1. 
5 In some applications the transmitting magnetic element will be 

substantially larger than the receiving element. As will be 
discussed in more detail below, the receiver portion of the 
communication system 12 may typically be adapted to be 
configured in a portable unit, such as a head worn device, and 

10 may be even of a sufficiently small size to fit behind the ear 
or in the ear of a user. The transmitting magnetic element 14 
in turn may range from a very small size, such as adapted to 
be used in a microphone portion of a headset, to a magnetic 
element which is large enough to encircle a room, or even an 

15 auditorium, to provide transmission to a large number of 

receivers 12. Also, the single loop illustrated for 
transmitting magnetic element 14 may be replaced by multiple 
magnetic elements in parallel or in a coil configuration. A 
variety of other magnetic elements may also be employed. 

20 Receiving magnetic element 16, in turn, which is illustrated 

as a coil, may be replaced with a single turn magnetic element 
or multiple, magnetic elements configured in different 
geometries. Also, it should be appreciated that the 
orientation of the magnetic elements as illustrated in FIGURE 

25 1 is purely for ease of illustration. Typically, the best 

magnetic coupling between the transmitting magnetic element 14 
and receiving magnetic element 16 will be achieved by placing 
the receiving magnetic element in a direction generally along 
the line of the axis perpendicular to the plane of the 

30 transmitting loop. Nonetheless, in most applications, the 

receiving magnetic element and the receiving unit 12 will be 
freely movable relative to the transmitting unit 10 and 
transmitting magnetic element 14, thus changing both the 
distance and orientation relative thereto. 

35 Still referring to FIGURE 1, the transmitter portion 10 
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receives an external input which is provided by an audio 
signal such as a receiver or microphone 18. The external 
input contains the signal desired to be transmitted to the 
receiver portion 12. The external input provided to 
5 receiver/transducer 18 may be an acoustic audio signal in 

which case the receiver/transducer 18 may simply be a 
microphone, amplifier, compressor or other well known device 
for transducing acoustic signals to audio frequency electrical 
signals. Alternatively, the external input may be provided by 

10 means of a remotely transmitted signal, such as an RF signal 
containing audio information, in which case the 
receiver/transducer 18 includes appropriate RF receiver 
circuitry to pick up and convert the RF signal to an audio 
frequency electrical signal. Alternatively, the external 

15 input may be provided from other sources either connected 

through wires or part of the same overall equipment as the 
receiver/transducer 18. For example, an audio reproduction 
system providing prerecorded audio frequency signals, such as 
from a tape recorder, cassette, CD or other well known audio 

20 recording medium may provide the input signal. Also, while 

audio frequency input signals are discussed in detail herein, 
it should be appreciated that other types of signals, 
including other frequency ranges and digital data pulses 
instead of continuous audio signals, may also be transmitted 

25 by the system of the present invention. 

The input signal, after being converted to audio 
frequency electrical signals by receiver/transducer 18, is 
provided to Time Variant Modulation (TVM) pulse generator 20. 
TVM pulse generator 20 receives the audio frequency input 

30 signal provided by receiver/transducer 18, and employs it to 
modulate a repetitive pulse stream in the time domain. That 
is, the input signal does not alter the magnitude of the 
pulses or the frequency composition of a given pulse but 
rather alters the pulse characteristics in the time domain. 

35 As will be discussed in more detail below, such time variant 
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modulation provides significant advantages over base band 
amplitude modulation such as employed in prior art systems. 

The repetition rate of the pulse train provided by the 
TVM pulse generator 20 may vary over a wide range but is 
preferably at least 2,6 times the frequency of the highest 
frequency component in the audio signal to be transmitted. 
Higher pulse repetition rates may be employed up to, for 
example, one MHz or greater. The pulses provided by TVM pulse 
generator 20 are preferably of substantially equal amplitude 
with such amplitude chosen to enhance the signal to noise 
ratio in the receiver portion 12, as will be discussed in more 
detail below. 

Referring to FIGURES 2A and 2B, the time variant 
modulation provided by TVM pulse generator 20 may be best 
appreciated by reference to a specific example of such 
modulation technique. In FIGURE 2A, an unmodulated pulse 
train is illustrated in the form of a square wave signal with 
a 50% duty cycle and fixed clock or repetition rate. Either 
the consecutive up transitions or consecutive down transitions 
of the square wave pulses may be taken as defining the clock 
period of the pulse train. This signal illustrated in FIGURE 
2A would correspond to the output of TVM pulse generator 20 in 
response to a 0 DC voltage signal input thereto. FIGURE 2B in 
turn represents the pulse train of FIGURE 2A after being 
modulated with a varying audio frequency signal input having 
a general sinusoidal shape. 

The modulation technique illustrated by the modulated 
signal of FIGURE 2B corresponds to symmetry modulation in the 
time domain. More specifically, each upward transition of the 
pulse train in FIGURE 2B occurs at exactly the same point as 
the up transition in the unmodulated signal of 2A. Thus the 
consecutive up transitions in both the unmodulated and 
modulated pulse trains represents the fixed repetition rate or 
clock rate of the pulse train. As may be appreciated by 
review of FIGURE 2B, however, the down transition of each 
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pulse, which defines the duration of the pulse, varies in 
response to the magnitude of the modulating signal. As will 
also be appreciated from inspection of FIGURES 2A and 2B the 
presence of the modulating signal alters the 50% duty cycle 
5 and thus alters the symmetry of the pulse train (thus giving 

rise to the name of symmetry modulation for the modulation 
technique illustrated) . 

Considering the specific pulses in FIGURE 2B, the 
respective consecutive pulses correspond to a 0 voltage 

10 modulating signal, followed by an increasing magnitude 

modulating signal as represented by a longer duration pulse, 
followed by a 0 voltage modulation of signal, followed by a 
shorter duration pulse corresponding to a modulating signal 
below the 0 reference, followed by another 0 voltage pulse. 

15 The pulse train of FIGURE 2B thus corresponds to a single 

period of a sine wave modulating signal. 

The symmetry modulation approach in FIGURE 2B is purely 
illustrative. As will be discussed in more detail below, 
other time variant modulation techniques may equally be 

20 employed. For example, pulse width modulation, pulse position 

modulation and pulse interval modulation may also be employed. 

Referring again to FIGURE 1, the repetitive pulse train 
produced by the TVM pulse generator provides a signal to the 
magnetic element driver circuit 22 which drives the magnetic 

25 transmitting element 14 with the pulse train. Magnetic 

element driver 22 provides the gain necessary to drive the 
transmitting magnetic element 14 for the specific application 
and magnetic element size and also preferably decouples the 
pulse generation unit circuitry from the transmitting element. 

30 For most short range applications, due to the effective 

coupling provided by the shared magnetic flux of the 
transmission magnetic element 14 and receiving magnetic 
element 16, a very low power driving signal will be adequate 
to provide the desired signal to noise level in the receiver 

35 12. For example, for transmission over very short ranges such 
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as less than one meter the power necessary to drive the 
transmitting magnetic element may typically be measured in 
milliwatts while at the same time providing a high signal to 
noise ratio. Also, for certain TVM approaches, such as pulse 
interval modulation discussed below, the dynamic range of the 
transmitted signal does not impact on the power consumption of 
the transmitter portion 10. 

As further illustrated in FIGURE 1, the 
receiver/transducer 18, TVM pulse-generator 20 and magnetic 
element driver 22 are all powered by a power supply 24. Power 
supply 24 may be a battery in the case of a movable 
transmitter portion 10, and the low power consumption of the 
transmitter may provide a long battery life. Alternatively, 
in applications where the transmitter portion 10 is 
stationary, or configured in a room or auditorium, power 
supply 24 may be a transformer coupled to conventional AC 
mains. 

Still referring to FIGURE 1, the receiver portion 12 
includes TVM pulse detector/demodulator 26 which receives the 
TVM pulse train induced in receiving magnetic element 16. 
Detector/demodulator 26 will vary with the specific TVM 
modulation technique employed but may typically be a circuit 
of relatively simple construction, low power consumption and 
low cost. Alternatively, the function of the demodulator can 
be accomplished by the transducer or speaker itself, thus 
requiring no other integrating or demodulating components. 
For example, as will be discussed in more detail below, in the 
case of pulse symmetry modulation as described above in 
relation to FIGURES 2A and 2B, a simple RC (resistor and 
capacitor) circuit, may serve to adequately demodulate the 
audio signal from the high repetition rate pulse train, by 
integrating the receiver signals to derive a signal related to 
the pulse duty cycle. In general, a low pass filter in 
combination with threshold detection and preamplif ication 
circuitry will be adequate for the detector/demodulator 26. 
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The output of the detector/demodulator 26, i.e., the 
transmitted audio frequency signal, is provided to audio 
driver 28 which may be a conventional audio amplifier circuit, 
which in turn drives speaker 30. Typically a low power 
speaker 30 will be employed for head worn receiver 
applications. Each of these components of receiver 12 in turn 
are powered by power supply 32 which will be a small battery 
in most applications. Due to the magnetic coupling of the 
receiving magnetic element 16 to the transmitting magnetic 
element 14, and the simple circuitry employed by the receiver 
a very low power consumption will be required by the receiver 
12. 

As noted above in Equation 5, for a simple loop 
transmission element geometry, there exists a direct 
relationship between diameter of the loop, the current, and 
the magnetic field, with the highest magnetic flux in the 
center of the loop. Furthermore, the magnetic field has an 
inverse relationship with distance. Typically the magnetic 
field falls to about 1-40% of the maximum value, at 1 loop 
diameter. These relations define an operational range for the 
magnetic coupling of the transmitting element and receiving 
element which is related to the loop current and loop size. 

The relationship between loop current and magnetic field 
at various distances is illustrated in the following Table 1. 
Table 2 illustrates the relationship between loop size and 
magnetic field at various distances. The geometry for the 
measured values in the tables is shown in FIGURE 3. 

More specifically, FIGURE 3 shows a circular magnetic 
element or loop, which lies in the X-Z plane (the Z axis 
extends out of the page) . A graphical illustration of the 
measured field data of Table 1 versus distance and position 
relative to the center of the loop, is also provided in FIGURE 
3. The shape of the magnetic field is in general an elliptic 
paraboloid which extends along the +Y and -Y (not shown) axis. 

The magnetic field shown in FIGURE 3 illustrates the 
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field strength as more uniform where the field is weakest (far 
field) compared to where the field is strongest (near field) . 
The far field region may thus be advantageously exploited for 
communication in some applications. 

Table 1 gives magnetic field strength in milliGauss (mG) 
for a 9 inch diameter single loop, driven by 4 . 6 mA at 10 V, 
using symmetry modulation with a repetition rate of 30 kHz. 

Table 2 in turn illustrates measured magnetic field for 
different loop diameters as a function of distance from the 
plane of the loop along the axis of the loop (X=Z=0) . The 
current was maintained substantially constant for loop 
diameters of 3% inches, 7 inches, and 9 inches and was allowed 
to drop for the larger loop diameters to avoid circuit 
modifications for the larger loops. (That is, increasing loop 
size increases loop resistance, eventually requiring circuit 
modification to maintain current constant.) As in the case of 
the data of Table 1, the modulation technique was symmetry 
modulation and the TVM pulse repetition rate was 30 kHz. 

In obtaining the measurements of Tables 1 and 2, the 
field strength meter pickup coil was oriented so its axis was 
at all times perpendicular to the plane of the loop to be 
measured. If the pickup coil is rotated 90 degrees, such that 
the axis of the pickup coil is parallel to the plane of the 
loop to be measured, the field strength in the center of the 
loop would be zero, as measured by the field strength meter. 
Moving the pickup coil radially outward in turn results in an 
increase in field strength, reaching a maximum at the 
perimeter of the loop, then a decrease with further distance 
radially outward. 

For some applications, having high field strength or 
output at the center of the loop may not be desirable. 
Reorienting the demodulating magnetic element can therefore 
provide greater sensitivity at or near the perimeter of the 
loop. 
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From the data in Table 2, it can be seen that as the loop 
diameter increases, the ratio of flux density in the plane of 
the loop to above the plane of the loop decreases. In other 
words, in a small diameter loop, the flux is concentrated 
5 mainly in the plane of the loop. As the diameter of the loop 
increases, more of the flux is above the plane of the loop. 

Within allowable measurement error, Tables 1 and 2 show 
that the magnetic field strength (mG) drops to 1-10% of 
maximum at one loop diameter above or away from the center 

10 plane of the loop. More generally, at one loop diameter the 

field strength will be within 1-40% of the maximum value for 
most configurations. 

Preferably, using the circuits illustrated, 0.3-0.5 mG 
(milliGauss) is desired for sufficient magnetic coupling of 

15 the receiving magnetic element to the transmitting magnetic 

element. The signal becomes noisy at 0.5 mG and becomes 
unusable at 0.3 mG. However, it should be appreciated that 
other transmission and receiving magnetic element 
configurations and dimensions, as well as other transmission 

20 modulating schemes, may provide greater sensitivity. 

Therefore loop drive current and loop size may be adjusted, 
along with the other parameters noted above, to provide a 
desired field strength at a desired operational distance for 
the specific application. 

25 FIGURE 4 shows the effect of the modulation index on the 

signal to noise ratio, as constrained by the system bandwidth. 
Modulation index is the ratio of the narrowest and widest 
pulse generated by the TVM pulse generator. The highest 
modulation index generally provides the best results for 

30 signal to noise ratio, linearity and distortion. For example, 

one practical circuit suitable for certain applications 
provides an 80% modulation index. The modulation index is 
limited by the receiver bandwidth. The system bandwidth is 
preferably optimized for best signal to noise ratio rather 

35 than to optimize the modulation index. 
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Referring to FIGURE 5, a specific example of the TVM 
pulse generator 20 of FIGURE 1 is illustrated where symmetry 
modulation of the pulse train is provided in response to the 
audio frequency modulating signal. In FIGURES 6A and 6B 
5 exemplary pulse trains are illustrated. In the symmetry 
modulation approach as illustrated, a repetitive substantially 
linear waveform of fixed repetition rate is modulated by the 
audio frequency input signal to generate a modulated pulse 
stream. The modulated pulses have a variable length duration, 

10 the variable length duration representing the encoded audio 

frequency signal, but a fixed repetition rate corresponding to 
that of the linear input waveform. Since the pulse repetition 
rate is constant but the pulse duration changes, the duty 
cycle must vary with the instantaneous magnitude of the 

15 modulating signal. For example, a sawtooth waveform, may be 
modulated by a slowly varying sine wave as shown in FIGURE 6A, 
to generate a square wave pulse stream with changing duty 
cycle as shown in FIGURE 6B. 

As will be appreciated from inspection of FIGURE 6B in 

20 comparison to the sine wave modulating the pulse stream of 

FIGURE 6A, the 6B pulse train has a sequence of pulses of 
duration corresponding to the magnitude of the sine wave at 
that point with each pulse having a trailing edge defined by 
the clock rate of the sawtooth wave (the clock signals are 

25 denoted by C^-C H in FIGURE 6B) .' This clock rate defines the 

sampling rate of the audio input signal. As will further be 
appreciated from inspection of FIGURE 6B, the pulses in FIGURE 
6B are of constant height, which height may be adjusted to 
provide the desired degree of noise immunity at the receiver 

30 portion. 

Referring to FIGURE 5, a TVM pulse generator circuit 
providing a symmetry modulated pulse train of the type 
illustrated in FIGURE 6B, is shown. The TVM pulse generator 
employs a sawtooth waveform generator circuit 4 0 which 

35 generates a linear sawtooth waveform at the desired frequency, 
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e.g., 10-100 kHz. Sawtooth waveform generator 40 may 
preferably employ a pulse generator 4 2 for providing 
repetitive pulse spikes of short duration, e.g., 3-5 
microseconds, at the desired frequency. The pulses are 
provided to linear ramp generator 44 which generates the 
linear ramp portion of each sawtooth pulse at a repetition 
rate determined by pulse generator 42. The output of linear 
ramp generator 44 is a sawtooth waveform having the desired 
repetition rate which is provided along line 46 to voltage 
comparator 48. Voltage comparator 48 also receives the audio 
frequency signal provided from audio receiver/transducer 18 
(shown in FIGURE 1) along line 50. Comparator 48 compares the 
two inputs provided along line 46 and line 50 respectively and 
provides a two level output pulse stream along line 52 
corresponding to the comparison result. 

For example, considering the signals illustrated in 
FIGURE 6A as the inputs to the comparator 48, as the linear 
portion of the sawtooth ramp begins to rise, e.g., from zero 
volts DC, the comparator 48 will output a zero DC value as 
represented by the initial zero value of pulse train 6B. As 
the linear ramp portion of the sawtooth waveform increases 
above the sine wave, however, the comparator output will go 
high providing a DC output voltage V H as further illustrated 
in FIGURE 6B. When the sawtooth waveform reaches the end of 
its linearly increasing ramp portion and drops suddenly to 
zero volts DC once again, as illustrated in FIGURE 6A, it 
transitions below the magnitude of the sine wave modulating 
input causing the output of the comparator 48 to transition 
low as illustrated in FIGURE 6B. Since the time which the 
linearly increasing sawtooth waveform is above (or below) the 
modulating signal corresponds to the time during which the 
comparator 48 output is high (or low) it will be appreciated 
that the comparator output pulse train provides a modulated 
pulse train corresponding in the time domain to the magnitude 
of the input modulating signal. 
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It will be appreciated by those skilled in the art that 
the threshold at which the comparator 4 8 transitions between 
low and high may be set as desired for the specific 
application. Alternatively, the transition level may be 
modified by altering the magnitude of the sawtooth output 
provided from sawtooth waveform generator 40, Also, it will 
be appreciated that while the sawtooth waveform illustrated in 
FIGURE 6A provides well defined clock signals C,-C u on the 
downward portion of the pulse train, a sawtooth waveform 
having a linearly decreasing ramp portion and a sharply 
increasing leading portion may equally be employed, which 
would provide a well defined clock transition at the beginning 
of each square wave pulse train. Further, it will be 
appreciated by those skilled in the art that while idealized 
waveforms are illustrated in FIGURES 6A and 6B, corresponding 
to idealized sawtooth waveforms and idealized square waves, in 
practice they will be rounded or otherwise vary from the 
idealized shape, while still providing the advantages of the 
present invention . 

Furthermore, various other modifications may be made 
while remaining within the scope of the present invention. 
For example, the ramp rate of the sawtooth waveform 
illustrated in FIGURE 6A may be widely varied, while retaining 
the linear nature of the ramp portion thereof, as desired for 
the specific application while maintaining the advantages of 
the present invention. Furthermore, the values of the low and 
high comparator output voltages V 0 and V H may be varied as 
desired for the specific application. Preferably, however a 
relatively low value of V H , e.g., 1 volt is provided by the 
comparator, and the pulse height is adjusted for transmission 
by the subsequent magnetic element driver circuitry 22 shown 
in FIGURE 1, to provide the pulse magnitude suitable for a 
desired signal to noise ratio in the receiver portion of the 
system. Also, the output of comparator 48, may be inverted 
relative to that illustrated so that the positive portion of 
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the pulse train duty cycle corresponds to the magnitude of the 
modulating signal, as opposed to the negative portion as 
illustrated. 

Referring to FIGURE 7 , the TVM pulse detector/demodulator 
5 26 employed in the receiver portion 12 of the communication 

system of the present invention is illustrated in a block 
schematic diagram. As will be appreciated from review of 
FIGURE 7, the detector /demodulator is a relatively simple 
analog circuit and such simplicity's a significant advantage 
10 of the short range communication system of the present 

invention . 

As shown, the detector/demodulator 26 includes a 
preamplif ication circuit 60 which is directly coupled to the 
receiving magnetic element 16. Preamplifier 60 may be a 

15 commercially available component which is tuned for the 

specific receiving magnetic element 16, to provide the desired 
degree of preamplif ication to the input signal provided by the 
receiving loop. Preamplifier 60 provides the amplified output 
from the receiving magnetic element 16 to pulse detector 62. 

20 Pulse detector 62 discriminates transmitted pulses in the 

modulated pulse train provided from the preamplifier 60 from 
background noise. The output of detector 62 thus corresponds 
to the transmitted high repetition rate modulated pulse train 
with transmission noise substantially eliminated. 

25 The pulse train is provided by detector 62 to demodulator 

circuit 64 which discriminates the audio frequency modulating 
signal from the high repetition rate pulse train. Since, in 
the case of symmetry modulation, the duty cycle of the pulse 
train corresponds to the encoded audio signal; it may be 

30 recovered by integrating the pulse train. A simple 

integration circuit may thus suffice for demodulator 64. More 
generally, demodulator 64 may operate as a band pass filter to 
discriminate the audio frequency modulating signal from the 
high repetition rate pulse train. While such band pass 

35 filters are commercially available, a suitable analog 
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filtering system may be readily constructed using discrete 
components as will be discussed in more detail below. 

The output of demodulator 64 is thus the reconstructed 
audio frequency modulating signal initially provided from the 
5 audio input receiver/transducer 18, of FIGURE 1. This 

demodulated signal is then provided to the audio output driver 
28 for amplification, which circuit may be of any suitable 
design constructed in a manner well known to those skilled in 
the art. 

10 Referring to FIGURE 8, a preferred embodiment of the TVM 

pulse generator circuit 20 is illustrated in a detailed 
schematic drawing. As discussed previously in relation to 
FIGURE 5, the TVM pulse generator employed for a symmetry 
modulation implementation includes a high repetition rate 

15 pulse generator 4 2 which provides a sequence of pulses at a 

fixed frequency. As illustrated, in one embodiment the pulse 
generator 42 may comprise a coupled free running multivibrator 
and monostable, employing first and second inverters 70, 72 
respectively, to generate a repetitive pulse sequence. The 

20 repetition rate of the pulses provided by the 

multivibrator/monostable circuit may be adjusted by use of 
first and second resistors 74, 76 and first and second 
capacitors 78, 80. These resistors and capacitors, in 
conjunction with delay times of inverters 70, 72, may be used 

25 to adjust the repetition rate of the pulse generator 42 

between 10 kHz and 1 MHz or even higher if desired. 
Preferably, however, the range will be chosen to lie between 
10 kHz and 100 kHz. Alternatively, the free running 
multivibrator/monostable circuit illustrated in FIGURE 6 may 

30 be replaced with other well known sources of high repetition 

rate pulses, for example crystal oscillators, phase locked 
loops, etc. The entire timing circuit may also be self 
contained in a monolithic I.e. It is also possible to derive 
a clock signal from an external source. 

35 Still referring to FIGURE 8, the output of the pulse 
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generator 42 is provided to the linear ramp generator circuit 
44. As illustrated, the ramp generator 44 employs a timing 
capacitor 86 and a reset or discharge transistor 82. Reset 
transistor 82 receives the output of invertor 72 at the base 
5 thereof. Each pulse from the pulse generator circuit 42 

applied to reset transistor 82 turns it on and resets the ramp 
circuit voltage to O volts DC by discharging capacitor 86 to 
ground. The slope of the linearly increasing ramp signal is 
determined by constant current generator 84 and timing 

10 capacitor 86, After each reset pulse, current generator 84 in 
combination with capacitor 86 will cause the voltage at node 
88, and hence the voltage applied to voltage comparator 48, to 
increase linearly as the capacitor is charged by the current 
generator to a maximum, e.g., l volt. The next consecutive 

15 pulse then pulls the voltage at node 88 back down to ground 

causing the sharp down transition of the sawtooth waveform. 
It will thus be appreciated that the sawtooth ramp generation 
circuit of FIGURE 8 provides a readily implemented and low 
cost circuit. 

20 Voltage comparator 48 in turn may be a commercially 

available comparator circuit which is manufactured by a wide 
variety of manufacturers. Comparator 48 compares the 
instantaneous voltages from the ramp generator and the input 
signal. The output of comparator 48 is either high (e.g., l 

25 volt) or low (e.g., 0 volts), depending on the comparison 

result. 

Also shown in FIGURE 8, is a preferred embodiment of the 
magnetic element driver circuit 22. This circuit employs a 
current amplifier which may be an amplifying transistor 90, 

30 which responds to the state of the comparator 48 output. When 
the comparator output is high transistor 90 causes current to 
flow through isolation transformer 92. When the comparator 
output is low, no current flows through transformer 92. The 
output of transformer 92 is in turn provided to the 

35 transmitting magnetic element 14. Transformer 92 isolates the 
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transmission magnetic element 14 from the rest of the 
transmitter circuitry. The power required to drive the 
transmitting magnetic element 14 while in general will be 
quite low for short range applications, e.g., to a head worn 
receiver, but certain applications may require more power, for 
example where a room or other enclosed area is encircled by 
the transmitting magnetic element to allow transmission to a 
large number of receiving units within the closed area. 

The foregoing schematic drawing illustrated in FIGURE 8 
provides a simple and relatively low cost implementation of a 
TVM pulse generator circuit, which may be implemented as a 
single IC, as will be discussed in more detail below. It will 
be appreciated however, that alternate approaches may be 
employed. For example, the circuitry of FIGURE 8 may be 
replaced with a microprocessor programmed to provide the 
desired pulse train in response to an audio frequency input 
signal. Also, while the circuitry of FIGURE 8 may be 
implemented in a embodiment employing discrete components, it 
will be appreciated by those skilled in the art that all or a 
portion of the circuitry may be embodied in an integrated 
circuit chip providing a more compact embodiment of the 
illustrated circuitry. 

Referring to FIGURE 9, a schematic drawing of a preferred 
embodiment of the detector/demodulator circuit 26 is 
illustrated in an embodiment adapted for use with a symmetry 
modulation based system. The components illustrated in FIGURE 
9 generally correspond to those discussed above in relation to 
FIGURE 7 and like numerals are employed. 

More specifically, as shown in FIGURE 9, the 
preamplif ication circuitry may employ a combination of a 
commercially available pre-amp circuit 100 in conjunction with 
a load resistor 102 and a DC blocking capacitor 104. The load 
resistor 102 matches the electrical parameters of the 
receiving magnetic element 16 and the preamplif ication system. 
The blocking capacitor 104 provides DC isolation between the 



WO 96/10878 



PCT/US95/12536 



35 

magnetic element 16 and preamplif ication circuit 60. The 
output of the preamplif ication circuit 60 is provided to the 
pulse detector circuit 62 which includes a threshold detector 
106 which receives the amplified modulated pulse train signal 
at the input thereof along line 108. Threshold detector 106 
discriminates pulses in the pulse train from background noise. 

The output of threshold detector 106 is a constant value 
output when the input signal exceeds the detection level and 
zero otherwise. This output pulse train is then provided to 
demodulator circuit 64 which separates the audio frequency 
modulating signal from the pulse train. As illustrated, a 
simple resistor-capacitor circuit may suitably discriminate 
the audio frequency signal from the pulse train in the case of 
a symmetry modulated pulse train by integrating the pulse 
train signal and providing an output signal corresponding to 
the instantaneous duty cycle of the pulse train. The specific 
values of resistor 110 and capacitor 112 are chosen to provide 
the desired time constant to filter only the high frequencies. 

It will thus be appreciated that the detector/demodulator 
circuit illustrated in FIGURE 9 is an extremely simple analog 
circuit which can be readily implemented in an inexpensive and 
compact manner readily adapted for a portable receiver. Thus, 
the symmetry modulation approach for which the illustrated 
detector/demodulator is adapted has the advantages of a low 
cost and compact receiver unit suitable for headset or hearing 
aid receivers or other small receiver applications. Also 
symmetry modulation provides superior dynamic range, a 
recoverable clock, good linearity, frequency independence, DC 
coupled transmitter and receiver, and up to 80% modulation 
level. 

Referring to FIGURE 10A, a preferred embodiment of the 
threshold detector 106 employed in the detector /demodulator 
circuit of FIGURE 9 is illustrated in a schematic drawing. As 
will be appreciated from inspection of FIGURE 10A, the 
threshold detector is a relatively simple circuit. Further, 
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the illustrated circuit has advantages over more conventional 
threshold detector circuits, typically employing a reference 
voltage and comparator, in that it is not susceptible to DC 
drift and does not require a reference voltage setting 
5 circuit. This thus provides a threshold detector circuit 
which is well suited for eliminating noise from transmitted 
pulses and which avoids problems such as limited dynamic range 
associated DC drift and pulse asymmetry associated with a 
reference voltage and comparator approach. 

10 As shown in FIGURE 10A, the threshold detector circuit 

employs first, second and third bipolar transistors 180, 182 
and 184, respectively. These transistors are coupled in 
parallel between the positive voltage supply (+V) and ground 
thereby defining three current legs. The first bipolar 

15 transistor 180 acts as an input and receives the input signal 

provided from the pre-amp circuit 60 at the base thereof, via 
first resistor 186 and bias capacitor 188. As will be 
discussed in more detail below, bias capacitor 188 acts in 
conjunction with bias resistor 189 as a threshold setting 

20 element for the turn on of transistor 180. As further 

illustrated in FIGURE 10A, each of the current legs 
corresponding respectively to first, second and third 
transistors, 180, 182 and 184, includes a resistor; resistors 
190, 196, and 198 respectively. The bottom portion of the 

25 current legs in turn are coupled to ground via resistors 192 
and 194. Thus, these resistors, 190, 192, 194, 196, and 198 
balance the circuits to provide the desired output from node 
200, with feedback to bias capacitor 188 through transistor 
180. 

30 In operation it will be appreciated that the input 

transistor 180 and the middle transistor 182 are 
complementary; i.e., either transistor 180 or transistor 182 
may be conducting at any time but not both since when 
transistor 180 is turned it will short the base/emitter 

35 junction of transistor 182. During the static condition, 



WO 96/10878 



PCT/US95/12536 



37 

i.e., where no signal is being input to the threshold detector 
circuit, bias resistor 189 allows capacitor 188 to become 
charged to a threshold voltage which turns on input transistor 
180. Transistor 182 is then turned off by transistor 180, as 
5 noted above. Transistor 184 is then turned on, pulling output 

node 200 to ground and providing a low output as desired. 

In the operational mode, the modulated pulse train is 
provided to the input of the threshold detector circuit, and 
to bias capacitor 188. This supplies a voltage to transistor 

10 180 which moves up and down with the input signal as adjusted 

by the bias capacitor 188. This causes the transistors 180 
and 182 to alternately conduct and drive output transistor 184 
to provide a bi-level output at node 200. The biasing of 
transistor 180 by biasing capacitor 188 and biasing resistor 

15 189 maintains a constant voltage across of the base to emitter 

junction of transmitter 180. Since the base to emitter 
voltage is constant, the voltage developed across resistor 194 
by the output leg charges up the capacitor 188 such that the 
pulse generated across resistor 194 is symmetrized. Since the 

20 current across resistor 194 represents the output signal at 

the collector of output transistor 184, the output signal at 
node 200 is also symmetrized. This feedback action which is 
provided via resistor 194 and the base/emitter junction of 
input transistor 180 to the bias capacitor 188, compensates 

25 for DC drift which would otherwise occur in a typical 

threshold detection circuit. 

Referring to FIGURE 10B, an illustrative waveform 
provided by the detector circuit of FIGURE 10A is shown. As 
shown, there are two threshold levels provided, one for 

30 positive transitions and the other for negative transitions. 

The feedback provided by resistor 194 restores the bias of the 
bias capacitor 188 such that the output of the circuit is 
always symmetrized between the positive and negative 
transitions. This bias restoration has a time constant which 

35 may be set as desired for the specific application by setting 
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the values of resistor 194 and bias capacitor 188. For 
example, a time constant of about 500 milliseconds is suitable 
for a pulse train time domain modulated by an audio frequency 
signal since any signal frequencies higher than 2 Hz will be 
5 passed through the detector circuit to the output. 

Although the threshold detector circuit described in 
FIGURES 10A and 10B is presently preferred, it will be 
appreciated by those skilled in the art that more conventional 
threshold detectors may also be employed. Such detectors 

10 typically would employ a reference voltage setting circuit and 

a comparator, the comparator receiving one input from the 
reference voltage circuit and the other from the input 
modulated pulse train. Those pulses exceeding the reference 
voltage would then be detected as a pulse and noise would be 

15 discriminated. While this has the added complexity of a 

reference voltage setting circuit and the problems noted above 
of DC drift and asymmetry between positive and negative 
pulses, commercially available circuits are available 
providing such threshold detection for higher voltage 

20 applications (e.g. 3-5 volts) and may be advantageous for 

certain applications for this reason. 

Referring to FIGURES 11A and 11B, the TVM pulse generator 
20 and the TVM pulse detector/demodulator 26 of the system of 
FIGURE 1 are illustrated in block schematic form for an 

25 alternate embodiment employing pulse width modulation. In 

FIGURES 12A and 12B examples of encoding waveforms and 
transmitted pulse trains are illustrated. In pulse width 
modulation, the pulse width of the pulse train is proportional 
to the instantaneous value of the input signal and the 

30 repetition rate is equal to the sampling rate. 

More specifically, referring to FIGURES 11A and 12A and 
B, the TVM pulse generator 20 includes a triangular waveform 
generator 120 which generates a waveform such as illustrated 
in FIGURE 12A. This triangular waveform is provided to one 

35 input of comparator 122 which receives the audio frequency 



WO 96/10878 



PCT/US95/12536 



39 

input signal at the other input thereof. As in the case of 
the pulse symmetry modulation embodiment described above, the 
comparator 122 compares the linear waveform, i.e, the 
triangular wave in this embodiment, with the audio input 
5 signal and generates a substantially square wave output pulse 

train with transitions at the crossings of the audio and 
triangular wave values as indicated in FIGURE 12B. As in the 
case of pulse symmetry modulation described previously, the 
duration or pulse width of the square wave pulse train of 

10 FIGURE 12B corresponds to the (inverse) magnitude of the audio 

frequency signal. The square wave pulse train of FIGURE 12B 
differs from that of pulse symmetry modulation, however, in 
that the square wave pulse width extends on both sides of the 
clock pulses C y -C H which are represented by the transitions of 

15 the linear portions of the triangle waveform. 

The presence of the audio information in the pulse of 
FIGURE 12B on both sides of the clock signal can provide 
advantages due to noise cancellation where the signal levels 
are relatively small and require a small percentage of the 

20 modulation index. However, due to the lack of a well defined 

transition in the transmitted pulse train to define a clock 
signal, the demodulator circuitry must be somewhat more 
complex than that in the pulse symmetry modulation embodiment 
described previously. A further practical potential advantage 

25 of the pulse width modulation scheme illustrated in FIGURES 

11A and 11B is that commercially available components are 
available which generate a pulse width modulated signal. For 
example, the commercially available LM555 chip manufactured by 
National Semiconductor and many others may be employed for a 

30 portion of the circuitry illustrated in FIGURE 11A. 

Alternatively, however, a suitable pulse width modulation 
circuit can be constructed along the lines of the sawtooth 
waveform generator and comparator illustrated in FIGURE 8 for 
the case of symmetry modulation. 

35 Referring to FIGURE 11B, a block diagram of the 
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detector/demodulator circuit 26 is illustrated for the pulse 
width modulation implementation. As illustrated the 

detector/demodulator 26 includes a preamplif ication circuit 60 
and pulse detector 62 which may correspond to the matching 
5 circuits described in relation to FIGURES 7 and 9 discussed 

previously and like numerals are employed. The demodulator 
circuit 124, however differs, from that described previously 
in that a simple integration scheme using an RC circuit will 
not provide optimal dynamic range.^due to the absence of well 

10 defined clock pulses in the transmitted pulse train. 

Accordingly, a source of clock signals 126 is preferably 
provided, which clock signals are synchronized with those of 
the triangular waveform generator 120. That is, if the 
original triangular waveform generator provides a 30 kHz 

15 pulse, the clock signal generator 126 will provide 30 kHz 

reference clock signals. This allows DC voltage coordination 
of the transmitting portion and receiving portion of the 
communication system to prevent DC drift of the receiver and 
potential reduction in audio quality. 

20 Referring to FIGURE 13 and FIGURES 14A, 14B and 14C, an 

alternate embodiment of the TVM pulse generator 20 of the 
transmission system of FIGURE 1 is illustrated in block 
schematic and timing diagrams, respectively. In the 
embodiment illustrated in FIGURES 13 and 14A-C, pulse position 

25 modulation is employed to encode the audio frequency signal to 
be transmitted. 

In pulse position modulation, a square wave pulse train 
such as provided in pulse symmetry modulation or pulse width 
modulation, is converted to a series of very short duration 

30 pulses which define the beginning and ends of the square wave 

pulses. These short duration pulses are then transmitted 
between the inductively coupled transmitting and receiving 
magnetic elements and then converted back to a square wave 
pulse train at the receiver. This has the advantage of 

35 providing a low duty cycle, high peak but low average power 
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pulse train which can significantly reduce battery drain. For 
more noisy environments, the relatively high short duration 
pulses can be used to provide efficient detection despite 
transmission loss or otherwise noise problems. Also, since 
the pulses which are transmitted are all preferably of equal 
width , a narrow bandwidth detector may be employed in the 
receiver circuitry. 

More specifically, referring to FIGURES 14A and 14B, the 
initial linear pulse train is showi. as a triangular waveform 
which is used to compare a input audio frequency signal, 
indicated as a sine wave in FIGURE 14A, to provide a square 
wave output pulse train. This corresponds to the case of 
pulse width modulation transmission. Alternatively, a pulse 
symmetry modulation approach may be employed and the linear 
waveform illustrated in FIGURE 14A may be replaced with a 
sawtooth waveform v/ith a concomitant modification of the 
square wave pulse train of FIGURE 14B. In FIGURE 14C, the 
square wave pulses of FIGURE 14B have been replaced with short 
duration pulses corresponding to the leading and trailing 
edges of the square wave pulses of FIGURE 14B. It will be 
appreciated that since the audio signal information encoded in 
the waveform of FIGURE 14B is contained in the width of the 
pulses shown therein, the short pulses of FIGURE 14C which 
define the beginning and ends of the pulses of FIGURE 14B, 
contain the same information encoded therein. Thus, the short 
duration pulses of FIGURE 14C may be transmitted in place of 
the wider pulses of FIGURE 14B without any loss of information 
but with a reduction in the duty cycle and power consumption 
of the transmission circuit. 

Referring to FIGURE 13, the TVM pulse generator 20 
employed in the pulse position modulation approach may employ 
a linear waveform generator 130 which provides an output 
waveform to comparator 132 which receives the audio frequency 
signal at the other input thereof. As noted above, the linear 
waveform generated by linear waveform generator 130 may be a 
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sawtooth waveform in the case of a pulse symmetry modulation 
approach to generation of the square wave or may be a 
triangular waveform if pulse width modulation encoding is 
desired. The corresponding square waveform output from 
5 comparator 132 is then provided to differentiator circuit 134 

which discriminates the leading and trailing edges of the 
square wave pulses in the pulse train. A relatively simple 
circuit may be employed for the differentiator 134, for 
example a resistor and capacitor network may suitably 

10 discriminate the edges of the pulses. The output of 

differentiator 134 is provided to a pulse forming circuit 136 
which creates the very short duration pulses such as 
illustrated in FIGURE 14C. For example, 3-5 microsecond 
pulses may be provided by pulse forming circuit 136. Pulse 

15 forming circuit 136 may for example be a one shot monostable, 

commercially available, device. The output of pulse forming 
circuit 136 is in turn provided to the transmitting magnetic 
element 14 via magnetic element driver 22 in a manner as 
illustrated in FIGURE 1 as described above. 

20 Referring to FIGURE 15, a detector /demodulator circuit 

26, suitable for use with a pulse position modulation 
implementation of the present invention, is illustrated. As 
noted above, since the short duration pulses transmitted in a 
pulse position modulation approach may be of higher peak 

25 magnitude, while still drawing less power than a symmetry 

modulation or pulse width modulation approach, the noise 
discrimination may be increased by setting a higher threshold 
in the pulse detector circuit 138. This circuit receives the 
transmitted pulse position modulated signals from a pre-amp 

30 circuit 60 which may function in a manner as described 
previously for other detector/demodulator implementations. 
The output of the pulse detector 138 substantially corresponds 
to the transmitted pulse sequence as illustrated in FIGURE 
14C. This pulse train is provided to flip flop 140, which may 

35 for example be a commercially available RS flip flop, which 
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converts the pulse train back to a form such as illustrated in 
FIGURE 14B. This converted pulse train is in turn provided to 
a demodulator circuit 142 which may correspond to the 
demodulator circuit 64 discussed previously in relation to 
5 FIGURE 9 if a symmetry modulation transmission is employed or 

may correspond to the demodulator circuit 124 if pulse width 
modulation is employed, as discussed in relation to FIGURE 
11B. The output of demodulator 142 will thus be the restored 
audio frequency signal originally applied to the input of 

10 comparator 132 (referring to FIGURE 13) . 

Referring to FIGURES 16, 17A-C, and 18, an alternate 
embodiment of the TVM transmission system is illustrated 
employing pulse interval or pulse distance modulation. In the 
illustrated approach, as in the case of pulse position 

15 modulation described previously, very short duration pulses 

are transmitted, to obtain the benefit of low power 
consumption, good noise discrimination capabilities, and wide 
dynamic range. 

As in the case of pulse position modulation, the TVM 

20 pulse generator circuit 20 illustrated in FIGURE 16 employs a 

linear waveform generator 150 v/hich may generate any of a 
sawtooth, triangular, or other linear repetitive waveform, the 
output of which is provided to one input of comparator 152 
which receives the audio frequency signal to be transmitted at 

25 the other input thereof. Also, as in the case of the pulse 

position modulation approach described previously, the output 
of the comparator 152 is provided to a differentiator circuit 
154, the output of which is then provided to a pulse forming 
circuit 156, which may similarly be a one shot monostable 

30 circuit. Unlike the pulse position modulation approach 

described previously, however, the output of the pulse forming 
circuit 156 is fed back as an input to the linear waveform 
generator circuit 150 to alter the repetition rate of the 
linear waveform generated thereby. 

35 For example, in the case of a linear sawtooth waveform 
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generated by linear waveform generator 150, a variable 
repetition rate output sawtooth pulse train such as 
illustrated in FIGURE 17A would be generated. Output pulse 
trains of short duration pulses as illustrated in FIGURE 17B 
and 17C then in turn would be generated by comparator 152 and 
pulse forming circuit 156. As will be appreciated from 
inspection of FIGURE 17C, the pulse train employs very short 
duration pulses for magnetic element transmission, thereby 
providing high peak, but low average power consumption. Also, 
a very wide dynamic range may be readily transmitted since the 
interval between consecutive pulses only varies as the dynamic 
range is increased while the total power consumption remains 
the same. 

Referring to FIGURE 18, the detector/demodulator 
circuitry employed for the system employing pulse interval 
modulation is illustrated. As shown, the received pulse train 
signal is amplified by preamplif ication circuit 60 which may 
operate in a manner as previously described. The output of 
preamplif ication circuit 60 is provided to a pulse detector 
158 which discriminates the transmitted pulses from background 
noise which in turn provides the output to ramp generator 160 
and peak and hold detector 162. These operate in combination 
to reproduce the original audio frequency input signal. 

Referring to FIGURE 19, a preferred implementation of the 
transmitter portion 10 of the transmission system of the 
present invention is illustrated. As shown schematically in 
FIGURE 19, the TVM pulse generator circuit 20 and a portion of 
the loop driver circuitry 22 are preferably implemented in a 
single monolithic integrated circuit ("IC") chip 210. (The 
portion of the loop driver circuit 22 forming isolation 
transformer 92, which is optionally employed where the drive 
current to the loop is sufficiently high to require isolation 
from the IC 210, will normally be incompatible with IC 
fabrication . ) 

As illustrated schematically in FIGURE 19, the monolithic 
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IC 210 employs an audio input contact 212 which receives the 
audio input signal from an external audio signal source. IC 
210 also has positive and negative (ground) voltage contacts 
214 and 216, respectively, and output contacts 218 and 220 for 
coupling to the isolation transformer 92. As further 
illustrated in FIGURE 19, for smaller transmission loop 14 
sizes, the monolithic IC 210 and loop 14 may be mounted 
together on a printed circuit board 222. For example, the 
transmission loop 14 may be a thick film conductive loop found 
on the circuit board and connected to the output portion of 
the isolation transformer 92. This thus provides a very 
compact and readily manufactured transmission portion 10. 

The provision of the major electrical components of the 
transmission portion 10 in a single monolithic IC 210, in 
particular, has significant cost advantages over prior 
wireless communication systems. These prior systems have been 
incompatible with a single monolithic IC transmission circuit 
due to various components which cannot really be implemented 
in such a circuit. This thus provides the transmission system 
of the present invention with a significant cost and space 
advantage over prior systems. 

Referring to FIGURE 20, a preferred implementation of the 
receiver portion of the transmission system of the present 
invention is illustrated also employing a single monolithic IC 
224 for the receiver portion 12. As illustrated schematically 
in FIGURE 20, the monolithic IC 224 preferably includes the 
detector/demodulator circuitry 26, and optionally the audio 
driver circuit 28, in a single compact chip configuration. 
The chip 224 has first and second contacts 226, 228 for 
coupling to the receiving loop 16 and positive voltage (+V) 
and negative voltage (ground) contacts 230, 232, respectively. 
The connection of the monolithic IC 224 to the receiving loop 
16 may preferably be achieved through DC blocking capacitors 
234 and 236 configured as "hanging 11 components to the IC 224. 
Additionally, a contact 238 is provided for coupling to an 
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external speaker or other audio signal output device- For 
applications where a suitably compact receiving loop or coil 
16 is employed, the monolithic IC 224 and receiving loop 16 
may be mounted together on a circuit board 240 providing a 
5 very compact and easily manufactured implementation of the 

receiver portion 12. 

The monolithic modulator and demodulator ICs, 210 and 
224, respectively, will preferably have a minimum amount of 
external or "hanging 11 components. The magnetic elements 14, 
10 16 and audio transducers such as microphones, earspeakers, and 

loudspeakers must be hanging components. Other such hanging 
components may include large value DC blocking capacitors, and 
external resistors and capacitors for setting parametric 
levels. 

15 Referring to FIGURES 21 and 22, two illustrative 

implementations of the short range magnetically coupled 
wireless transmission system of the present invention are 
shown. 

More specifically, in FIGURE 21 the system of the present 

20 invention is illustrated in an implementation employing a neck 

worn transmission magnetic element 14, in the form of a simple 
loop, which receives the TVM transmission pulses from a pocket 
or belt worn transmitter unit 170. The compact transmitter 
unit 170 includes the transmission portion 10 of the wireless 

25 short range communication system illustrated in FIGURE 1, 

including a portable battery power supply and a 
receiver/transducer adapted for the specific application. For 
example, in the case of a hearing assist application, the 
transmitter unit 170 may include an RF receiver for receiving 

30 audio signals from an instructor held microphone broadcast 

through a conventional RF transmission system. Alternatively, 
the transmitter unit 170 may include a transducer, such as a 
conventional microphone, for picking up external sounds and 
amplifying them for transmission via the neck loop. 

35 The receiver portion 12 of the communication system in 
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turn is configured in a compact receiver unit 172. As 
illustrated in FIGURE 21, the receiver unit 172 may be 
configured as a behind the ear (BTE) hearing aid or it may 
equally be configured as an in the ear (ITE) hearing aid or as 
5 a headset adapted to be worn by the user. Due to the 

aforementioned low power and good noise resolution 
capabilities of the present invention, the receiver unit 172 
is readily adapted to a small battery power supply while at 
the same time providing good audio quality for the user. 

10 Referring to FIGURE 22, an alternate embodiment is 

illustrated where the transmission magnetic element 14 is 
configured in an area, such as a portion of an enclosure such 
as a room or auditorium, where one or several users wearing 
receiving units may pick up the transmitted audio frequency 

15 signal. As illustrated, the transmission magnetic element 14 

may be a large diameter loop encircling the area, such as a 
room or portion thereof, such that a good magnetic coupling 
between the transmission magnetic element and the receiving 
magnetic element is provided. As further illustrated the 

20 receiving unit may take the form of a headset 174. 

Alternatively, the receiving unit may be one of the ITE or BTE 
types of hearing aids described previously in relation to 
FIGURE 21. The transmission magnetic element 14 may also be 
configured in an electronic enclosure or in a portion of the 

25 floor, walls or even in a table or like item of furniture 

configured in the room, with the specific configuration of the 
magnetic element being adapted for the specific application. 
For example, in the case of a system desired for broadcast to 
multiple users around a conference room table, the 

30 transmission magnetic element 14 could be a loop configured 

under or within the table surface resulting in good magnetic 
coupling between the transmission magnetic element and a 
plurality of receiving units. 

While a magnetic element 14 is illustrated in FIGURE 22 

35 as a single loop, it will be appreciated that multiple loops 
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may be employed. Also, a magnetic element with a more 
complicated geometry may be employed. For example, a single 
magnetic element configured in a "FIGURE 8" type geometry may 
provide added directionality to the magnetic element coupling 
5 field* Alternatively, an array of independently driven 

magnetic elements may be provided for ensuring good coupling 
to all portions of a large enclosed area, such as an 
auditorium. 

It will therefore be appreciated that a wide range of 

10 transmission magnetic element geometries and dimensions may be 

employed ranging from a fraction of an inch to 100 or more 
meters in diameter. 

In viev; of the foregoing, it v/ill be appreciated that the 
short range wireless communication system of the present 

15 invention provides significant advantages over presently 

available alternative approaches. In particular, relative to 
a base band inductively coupled system, the time variant 
modulated pulse transmission system of the present invention 
eliminates the strong dependence of the received signal on 

20 orientation or distance of the receiving magnetic element from 

the transmitting loop. Also, the signal to noise ratio is 
substantially unaffected by the distance and orientation 
between the two loops. In contrast, in a base band system, 
for example in the case of a head worn system, merely turning 

25 the user's head could cause a significant shift in noise level 
and audio signal volume. Increasing the distance between the 
receiver and transmitter also reduces the audio signal volume. 

This advantage of the communication system of the present 
invention over a base band system is illustrated in FIGURE 23 

30 which shows the effects of distance on the signal to noise 
ratio for a TVM transmission system in accordance with the 
present invention and for a typical base band system. It will 
be appreciated from FIGURE 23 that the system of the present 
invention maintains a relatively constant signal to noise 

35 ratio over distance. A base band system in contrast has a 
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signal to noise ratio which deteriorates immediately over 
distance. 

As mentioned previously, a number of common electrical 
devices generate interference in the area of 3 mG. In order 
to have a usable signal to noise ratio, a base band system 
must operate above the electrical noise field, in this case 
above 3 mG, since operating below 3 mG would cause an increase 
in noise. It is possible, with TVM , to take advantage of 
signal levels at or below the 3 mG electrical interference 
level by building a more sensitive TVM receiver. 

This may be further appreciated by a specific 
quantitative comparison of signal to noise ratios (S/N) at 
different distances as set out in Tables 3 and 4. The 
measurements were done v/ith a loop current of 4.6mA at 10 
volts. The modulating technique used was symmetry modulation. 
The geometry is the same as illustrated in FIGURE 3. In Table 
4 a quantitative comparison of bandwidth is also provided. 
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TABLE 3 





Base Band 
No Filter 


Base Band 
Filter 


T.V.M. 


Y= 


S/N (dB) 


S/N (dB) 


S/N (dB) 


3 


49 


34 - 


58 


6 


39 


21 


58 


9 


32 


17 


55 


12 


25 


10 


45 


15 


21 


6 


34 


18 


18 


4 


32 



TABLE 4 





Y* 


3" 


7" 


10" 


20" 


10 feet 


Base Band 


Low 


150 Hz 


300 Hz 


300 Hz 


300 Hz 


450 Hz 


High 


6 kHz 


5 kHz 


5 kHz 


5 kHz 


3.5 kHz 


S/N (dB) 


45 


40 


40 


40 


40 


TVH 


Low 


OC 


OC 


DC 


DC 


OC 


High 


8 kHz 


8 kHz 


8 kHz 


6 kHz 


8 kHz 


S/N (dB) 


56 


56 


58 


48 


48 
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Further, in the system of the present invention, a wide 
dynamic range signal may be transmitted with low power and 
good noise immunity. For example, in contrast to that shown 
in FIGURE 24A, in FIGURE 24B, a fixed 20 dB pulse train signal 
is sufficient to allow a 60 dB or greater dynamic range audio 
signal to be transmitted. In this case, a transmission loss 
varying from 0 dB to 60 dB neither affects the output level 
nor the signal to noise ratio. 

In addition, the communication system of the present 
invention enjoys significant frequency response advantages 
over base band, as shown in FIGURES 25-26. 

More specifically, as shown in FIGURE 25, the system of 
the present invention delivers wide bandwidth. This wide 
bandwidth provides much more intelligibility - a factor much 
needed for hearing assistive applications. 

As shown in FIGURE 26, base band has a relatively narrow 
bandwidth. More specifically base band systems have a low 
frequency limitation (1) due to d#/dt decreasing with 
decreasing frequency. A second limitation (2) is high 
frequency roll-off due to inductance in the magnetic coupling 
elements. A further limitation (3) is present since 
equalization is needed to flatten the response for acceptable 
operation. 

As shown in FIGURE 26, on the other hand, the TVM system 
of the present invention does not have a low frequency 
limitation and (4) has a frequency response down to DC. A 
high frequency roll-off (5) is present due to the filtering 
response of the integrator circuit (in a symmetry modulation 
embodiment) but does not substantially impact performance. 

Also, relative to RF systems, the magnetic coupled system 
of the present invention provides both lower power and less 
cost in addition to avoiding the requirements for FCC 
certification in practical applications. 

A block diagram of the preferred embodiment of a cordless 
headset system is shown in FIGURE 27. The system includes a 
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base station 300 and a cordless headset 400. TVM pulses are 
created by modulating an external audio input signal 302 with 
a clock source provided by a TVM magnetic transmitter 304 
which may be of the same form as transmitter 10 shown in 
5 FIGURE 1. A power amplifier in the transmitter 304 drives a 

coil or loop 306 with the TVM pulses, thus producing a pulsed 
magnetic field. A coil 402 in the headset 400 detects the 
pulsed magnetic field. The pulses are amplified by the TVM 
magnetic receiver 404, which may be of the same form as 

10 receiver 12 in FIGURE 1, and a signal corresponding to the 

external audio input 302 is recovered from the sensed magnetic 
field and supplied to an audio speaker 406 in the headset 400. 

A TVM transmitter 410 in the headset TVM modulates and 
transmits, via the antenna or light source 412, an audio 

15 signal derived from the headset microphone 408 back to the 

base station 300. The transmitter may incorporate an RF, 
infrared, or other suitable transmitter. Presently, an RF 
transmitter is the preferred transmitter for use in headset 
400. Of course, those skilled in the art will appreciate that 

20 when an RF transmitter is used, element 412 would be an 

antennas, but when an infrared transmitter is used, element 
412 would be an infrared light source. At the base station, 
if an RF transmitter is used, element 308 would be an RF 
antenna that receives the RF signal and supplies it to a TVM 

25 receiver 310 which would incorporate an RF receiver therein. 

Of course, if infrared is used to transmit from the headset, 
then element 308 would comprise an infrared sensor and the TVM 
receiver 310 would incorporate an infrared receiver therein. 
The TVM receiver 310 demodulates the TVM modulated signal into 

30 a signal corresponding to the audio signal derived from the 

headset microphone 408, and the resulting signal is provided 
as the base station audio output signal 312. 

The base station 300 is shown in more detail in FIGURE 
28. The base station 300 contains a complete magnetic 

35 transmitter 304 and a selected receiver 310. As discussed 
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above, such a receiver can be based on any suitable 
transmission mode, but is preferably an RF receiver* The 
magnetic transmitter circuit accepts an external audio input 
302, and processes the signal through the pre amplifier 318. 
5 The headset gain or volume is controlled from the base unit by 

the audio gain control 326. A summing amplifier 328, sums the 
output 320 of the pre-amplif ier 318 with a pilot tone 324 that 
is synchronous with the TVM clock. 

The pilot tone 324, is a square wave signal outside of 

10 the audio range that is obtained from the divide-by-n counter 

322 and mixed with the output 320 of the pre-amplif ier 318. 
The divide-by-n counter 322 receives as an input the TVM clock 
signal and outputs the pilot tone which is synchronous with 
the TVM clock but which has a different frequency. The pilot 

15 tone 324 and TVM clock signal are detected by the headset 400 

and are used to control the headset transmitter and headset 
speaker muting. 

Specifically, the TVM clock and pilot tone signals are 
synchronous with each other. The TVM clock signal is also a 

20 square wave signal having a 50% duty cycle. As will be 

discussed in more detail below, the headset 400 conducts a 
test to determine if both signals are present, synchronous and 
in the proper sequence. If the signals are not present, 
synchronous, or received in the proper sequence, the headset 

25 is prevented from locking on to the received signal. If it is 

determined that the signals are present, synchronous, and have 
been received in the proper sequence, the headset locks on to 
the received signal. This virtually eliminates the 
possibility of the headset locking on to an erroneous signal 

30 or other base station signal source. The TVM modulator 330, 

modulates the combined audio and pilot tone signals with the 
TVM clock signal which is first shaped using waveshape 
generator 316 that shapes the square wave TVM signal to form 
a triangle or ramp signal suitable for use in the TVM 

35 modulator 330 as discussed above with respect to FIGURES 1-26. 
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The TVM modulated signal is then supplied to the loop driver 
circuit 332. A magnetic loop antenna 334 receives the signal 
from the driver circuit 332 and produces a corresponding 
magnetic field including the TVM signal. 
5 The base station receiver includes an RF antenna or 

infrared sensor 336 that receives the TVM modulated signal 
from the headset transmitter 410. The TVM modulated signal is 
detected and amplified by the RF or infrared receiver 338. 
The TVM signal is detected using a TVM carrier detector 340. 

10 Low pass filter 344, filters out the TVM carrier and processes 

the audio signal obtained from the headset microphone 408. 
The filtered TVM carrier is recovered and compared with the 
TVM clock in the TVM clock/pilot tone comparator 348 to 
determine if the signals are synchronous. If comparator 348, 

15 which may be a phase-locked-loop, determines that both signals 

are synchronous, an enable signal is provided to gate 350 and 
to an enable input of the audio amplifier 346. The operation 
of gate 350, which may be any suitable gate such as a logic 
gate or controllable switch, allows the pilot tone to be 

20 supplied to the summing amplifier, and ultimately to be 

transmitted to the headset 400. The audio amplifier 346 
amplifies and matches the audio output signal to the connected 
audio system. 

The low battery detect circuit 342 may comprise a phase 
25 locked loop that detects the use of a headset modulating clock 

signal of a specified frequency for modulating transmissions 
from the headset to the base station. As will be discussed in 
more detail below, when a specified frequency is used to 
modulate the transmissions from the headset to the base 
30 station, the base station determines that the low battery 

detect circuit 422 in the headset has detected a low battery 
situation. The low battery detect circuit 34 2 in the base 
station then alerts the user by providing light or sound alarm 
at the base station to signify that the headset needs to have 
35 the batteries recharged or replaced. 
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A block diagram of the preferred embodiment of the 
headset is shown in FIGURE 29. A magnetic coil 402 detects 
the magnetic field produced by the loop 334 including the TVM 
signal. The TVM magnetic receiver 404 in the headset includes 
5 a pre-amplif ier 414 that processes the TVM signal from coil 
402 and detects the rise and fall times of the TVM pulses. 
The receiver 404 also reconstructs the base station TVM clock 
from the TVM modulated signal and uses it as the clock to 
modulate the RF or infrared transmitter 4 36. 

10 The headset 400 detects the TVM clock signal through the 

use of a TVM clock recovery circuit 424. As one skilled in 
the art will appreciate, in the TVM modulated signal, it is 
possible to detect positive and negative transitions signal. 
The detected transitions can be used to trigger a series of 

15 flip-flops. The triggering of the flip-flops is synchronous 

with the positive to negative transitions of the TVM modulated 
signal, thus recovering the square wave clock signal that is 
synchronous with the original TVM clock in the base station. 
The recovered square wave signal preferably has a frequency 

20 which is one-half that of the TVM clock signal in the base 

station. This square wave signal is shaped in the waveshape 
circuit 428 to produce a triangle or ramp signal as is known 
in the art. The output of the waveshape circuit 428 is then 
used to modulate the output of the preamplifier 432. Although 

25 the frequency of the recovered signal is preferably one-half 

that of the original TVM clock signal, it is still capable of 
meeting the modulation needs of the headset. 

The TVM clock recovery circuit 424 includes as an input 
the output of the low battery detect circuit 422, As one 

30 skilled in the art will appreciate, the low battery detect 

circuit may comprise a latch circuit which transitions from 
low to high or high to low when the battery voltage falls 
below a predetermined level. The battery 420 may comprise an 
alkaline, lithium, nickel cadmium, nickel metal hydride, or 

35 other suitable battery, preferably having an operating voltage 
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between 1 and 9 volts. The TVM clock recovery circuit 424 
responds to the low battery level signal by dividing the 
frequency of the recovered clock signal by a predetermined 
value which is preferably two. Such division can be readily 
5 accomplished by employing a series of latches that are enabled 

in response to the low battery level signal. The frequency 
change is detected by the low battery detect and indicator 
circuit 342. Although the frequency of the clock signal will 
have been divided again in half (i.e., such that it is known 

10 one-fourth of the original frequency) , the typical TVM clock 

signal is on the order of 150 kHz. One-fourth the original 
TVM clock frequency, or 37.5 kHz is still more than sufficient 
to handle the modulation needs of the headset 400. 

The audio processor 4 16 recovers the base station audio 

15 input signal 302 and drives the headset speaker 406. The 

headset wearer's audible sounds are detected by microphone 430 
and a corresponding audio signal is supplied to pre-amplif ier 
432, which may comprise an audio or microphone compressor. 
The TVM modulator 434 receives the output of the pre-amplif ier 

20 432 and uses the recovered TVM clock signal to Time Variant 

Modulate the pre-amplif ied audio signal. The RF or infrared 
transmitter 436, then receives the TVM modulated audio signal 
from the modulator 434. 

Prior to enabling the transmitter 4 36 to transmit the TVM 

25 modulated audio signal, a pilot tone detect/latch circuit 426, 

which may include a band pass filter tuned to the frequency of 
the pilot tone as well as some logic control circuitry, 
compares the recovered TVM clock with the pilot tone signal to 
determine that the signals are present, synchronous, and were 

30 received in the proper sequence. Once transmitter 4 36 is 

enabled by the pilot tone detect/latch circuit 426, the 
transmitter 4 36 is driven in accordance with a TVM modulated 
received from TVM modulator 434. The pilot tone detect/latch 
circuit 426 also controls the squelch gate 418 as will be 

35 discussed in more detail below. The RF antenna or infrared 
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light source 412 transmits the TVM modulated signal to the 
base station FIGURE 27. 

The recovery of the TVM clock signal originally used to 
modulate the TVM modulated signal transmitted from the base 
station to the headset eliminates the need for an additional 
clock circuit in the headset. In addition, since the TVM 
clock signal recovered in the headset is synchronous with the 
TVM clock signal in the base station, the present invention is 
able to provide the user with an added level of privacy over 
the communication channel between the headset and the base. 
That is, the comparison of the TVM clock signal used to 
modulate transmissions from the headset with the TVM clock in 
the base station can be used to ensure the integrity of the 
signals being transmitted between the headset and the base 
station. 

In normal operation, the TVM magnetic transmitter 304 in 
base station 300 produces a magnetic field having a size 
determined by the transmit power of the transmitter 304 and 
the construction of loop 306. The generation of such a 
magnetic field is discussed above in conjunction with FIGURE 
3. The headset 400, which includes a TVM magnetic receiver 
404 and coil 402, will have a range of operation which is 
defined by the sensitivity of receiver 404 and coil 402, as 
well as the size of the magnetic field generated by the base 
station 300. The magnetic field is modulated by the TVM clock 
signal. The loop 402 and receiver 404 in the headset 400 
sense the modulation of the magnetic field and produce a 
corresponding received signal that can be subjected to 
demodulation in order to obtain the recovered clock signal 
discussed above as well as any information, such as audio 
information, that was nodulated by the TVM clock signal in 
base station 300. 

The timing diagram of FIGURE 30 illustrates the TVM 
carrier or clock signal reconstructed in the headset in 
relation to the detected pilot tone. As can be clearly seen 
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in the FIGURE, the two signals are synchronous. The latching 
logic chart shown in FIGURE 31 illustrates the handshake 
operation that occurs between the headset pilot tone 
detect/latch circuit 426 and the base station 300. Rather 
than reflecting a truth table commonly found in Boolean logic 
schemes, the chart in FIGURE 31 more adequately expresses the 
state transitions of the pilot tone detect/ latch circuit 426 
as the handshaking sequence with the base commences. 

To understand the chart in FIGURE 31, it must be 
understood that prior to entry into the range of operation of 
a base station, a headset 400 is in a steady state standby 
condition with no TVM clock or pilot tone detection occurring 
(i.e., a "0, 0" state). If, upon the initial entry of a 
headset 400 into the range of operation of a base station 300, 
the headset detects both the TVM clock and the pilot tone, 
i.e., a "1, 1" condition, the pilot tone detect/latch circuit 
426 determines that another headset may be in use within the 
magnetic field. The latch circuit 426 will not allow the 
headset to move from a "0, 0" condition to a "l, 1" condition. 
Thus, in this instance where a "1, 1" condition is immediately 
detected, the latch circuit 426 will not enable the speaker 
406 or RF transmitter 436 and the headset will stay in a 
standby condition. 

If the first condition sensed by the headset 400 is a TVM 
clock and no pilot tone (i.e., a "1, 0" condition), the latch 
circuit 426 allows the headset to move from the "0, 0" state 
to the M l, 0" state and the headset M latches on" or "locks on" 
to the TVM clock signal. That is, the latch circuit 426 
enables the transmitter 436 and the speaker 406. The 
transmitter immediately begins transmissions using the TVM 
signal (even without an audio signal) . 

Once the pilot tone detect/latch circuit 426 enters the 
"1, 0" state, it will remain in this state for a predetermined 
period of time as determined by either a count circuit in the 
pilot tone detect/latch circuit 426 or an separate disable 
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circuit 438. The disable logic circuit 438 which may simply 
comprise a counter that is enabled when the TVM clock is 
present and the pilot tone is not, and is disabled when both 
are present. The system waits a predetermined period of time 
5 for the pilot tone and, if the tone is not received, it is 

determined that a problem has occurred and the headset goes to 
a standby condition. 

As described above, the pilot tone transmission from the 
base station 300 will only be eaabled if the detected TVM 
10 signal received from the headset 400 (after the transmitter is 

enabled upon entering the "1, 0" state) is synchronous with 
the base station TVM clock. If a positive comparison is made, 
the base station 300 transmits the pilot tone to the headset 
400. 

15 The pilot tone detect/latch circuit 426 will only make a 

transition to the 11 1 # 1" state without shutting down the 
headset transmission where the prior state was "1, 0. M Thus, 
the latch circuit senses the TVM clock with no pilot tone, the 
transmitter transmits to the base, and the latch circuit 426 

20 waits a period of time for the base station to acknowledge the 

headset's presence in the area by supplying a pilot tone. If 
the pilot tone is sent from the base as discussed above, the 
latch circuit now enters the "1, 1" state. At this point, the 
latch circuit permanently latches to the TVM signal and the 

25 headset is in constant communication with the base until 

either the TVM signal is lost or the pilot tone is lost. 

If the headset does not detect the TVM clock signal in a 
received signal, or if the TVM clock signal is dropped at any 
time during communications, the headset is "locked out", i.e., 

30 the speaker 406 is not enabled and the transmitter 436 is 

disabled. This corresponds to the "0, X" condition of FIGURE 
31. Such a condition would occur if, for example, the headset 
wearer passed out of range of the base station. In this 
situation, since the transmitter 436 and speaker 406 are 

35 automatically disabled, the headset of the present invention 
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automatically enters an energy conserving standby mode, thus 
prolonging the useful life of the headset batteries. This 
same condition happens when the headset enters the range of a 
base station but immediately detects the presence of both the 
TVM clock and the pilot tone. 

At the base station, the reconstructed TVM clock used to 
modulate the RF transmitter is detected by the base station 
and compared with the TVM clock generated by the TVM clock 
generator 314. If the two clocks are synchronous, the pilot 
tone/TVM clock comparator circuit 348 enables the generation 
of the base station pilot tone and transmits it back to the 
headset 400. A headset timeout circuit 438 will disable the 
transmitter 436 if this signal is not sent within a reasonable 
period of time. The transmitter 436 is latched in the enable 
mode if the pilot tone is received, and will remain latched as 
long as the recovered TVM clock and pilot tone are present. 
This condition restricts another user from interfering with or 
latching on to a base station signal that is in use. 

The above-discussed cordless headset system offers 
significant advantages over prior art cordless headset 
systems. The present invention has significantly lower power 
requirements than prior art cordless headset systems due to 
the ability to combine the TVM magnetic receiver in the 
headset with a return transmission link to the base station of 
another transmission mode such as RF or infrared. For 
example, the following comparison of power requirements of the 
TVM (RF) cordless headset system of the present invention with 
prior art cordless headset systems assumes normal headset 
usage: 



Headset Transmit Power for 6' range with S/N of 50 db: 

power (mA) volts 

RF(FM) : 5 mA 3.3V 

Infrared: 30 mA 2.5V 

Magnetic: 150 mA 15V 
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TVM(magnetic/RF) 1.5 mA 3.3V 

Headset Receiver Power for 6' range with S/N of 50 dB 
(including speaker output) : 
5 power (mA) voltage 

RF(FM) : 6 mA. 3.3V 
Infrared: 1 . 5 mA 3.3V 
Magnetic: 1 . 5 mA 3.3V 
TVM(magnetic/RF) 1 . 5 mA 3.3V 
10 Total Headset Power for 6' range with S/N of 50 dB: 

power (mA) 
RF(FM) : 11 mA 
Infrared: 31.5 mA 
Magnetic: 151.5 mA 
15 TVM(magnetic/RF) 3 . 0 mA 

As can be seen from the above comparison of power 
requirements, a headset using a TVM magnetic receiver with a 
RF transmitter requires less than one-third of the power of 

20 the nearest prior art headset system (two-way RF) which 

utilizes a single mode (RF) for transmitting and receiving. 

In addition to the above power statistics, the automatic 
standby mode of the headset when no TVM clock is detected, or 
when both the TVM clock and the pilot tone are initially 

25 detected upon entering the range of a base station, enables 

the present invention to extend the useful life of the battery 
power supply. Coupled with the already low power consumption 
of the headset, the battery life of the cordless headset of 
the present invention is far superior to conventional cordless 

30 headsets. 

For example, a standard two-way RF cordless headset 
operating at a standard power output level of 35 mA has an 
estimated battery life of 2 hours. The present invention 
operating as shown in the drawings with an RF transmitter has 

35 a standard power output level of 5mA and operates for an 
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estimated 18 hours. 

The present invention offers numerous advantages over 
prior art cordless headsets. With respect to two-way RF 
cordless headsets, the cordless headset of the present 
invention: i) can be provided at a lower cost, ii) consumes 
less power, iii) does not require channelization, iv) is less 
susceptible to interference, v) can be controlled to operate 
only in a specifically defined zone, and vi) is more pleasing 
economically due to the ability to reduce the size of the 
headset unit by using smaller batteries. Further, the TVM 
transmitter and receiver components of the cordless headset of 
the present invention have a circuit density lower than prior 
art cordless headsets. This allows for miniaturization using 
integrated circuit implementations for most circuit 
components . 

With respect to two-way infrared headsets, the cordless 
headset of the present invention: i) can perform in all work 
environments, ii) is not sensitive to changes in direction 
between the headset and the base station, iii) is not limited 
to line of sight communications, iv) consumes less power, v) 
can be controlled to operate only in a specifically defined 
zone, and vi) provides a more ergonomic package for the 
reasons discussed above with respect to RF. 

With respect to headsets employing two-way magnetic 
coupling, the cordless headset of the present invention: i) is 
not susceptible to CRT or low frequency interference, ii) has 
a wider bandwidth and better signal to noise performance, iii) 
is not susceptible to changes in field strength, iv) is not 
susceptible to headset orientation and movement, and v) can be 
controlled to operate only in a specifically defined zone. 

In addition to the advantages described above, those 
skilled in the art will appreciate that numerous modifications 
and or additions can be made to the present invention without 
departing from the spirit and scope of the present invention. 
It is intended that all such modifications and/or additions be 
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covered by the claims appended hereto. 

For example, while the present invention has been 
described as a communication system between a headset and a 
base station, those skilled in the art will recognize that the 
present invention is not limited to use with cordless 
headsets, but could be used in a cordless handset for a 
telephone, microphone or other communication device. 

Accordingly, it will be appreciated that the system of 
the present invention provides a highly effective short range 
wireless communication system readily adapted to a variety of 
applications including both applications presently employing 
wireless communication techniques as well as applications 
where cord coupling of the transmitter and receiver have 
typically been employed. 
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WHAT IS CLAIMED IS: 

1. A two-way wireless communication system for 
transmitting audio signals between a first location and a 
second location, the system comprising: 

first transmission means, disposed at said first 
location, for receiving a first audio signal and for time 
variant modulating said first audio signal, said first 
transmission means including a magnetic transmission element 
for transmitting said first audio signal; 

first receiver means, disposed at said second location 
and including a magnetic receiving element magnetically 
coupled to said magnetic transmission element, for receiving 
and demodulating said modulated first audio signal; 

second transmission means, disposed at said second 
location, for receiving a second audio signal and for time 
variant modulating said second audio signal, said transmission 
means including at least one of a RF transmitter and an 
infrared transmitter for transmitting said second audio 
signal; and 

second receiver means, disposed at said first location 
and including at least one of a RF receiver and an infrared 
receiver, for receiving and demodulating said modulated second 
audio signal, wherein at least one of said first and second 
locations comprises a portable communication device. 

2. The two-way wireless communication system according 
to claim 1, wherein the first location comprises a base 
station and the second location comprises a cordless headset. 

3. The two-way wireless communication system according 
to claim 1, wherein the first location comprises a base 
station and the second location comprises a cordless handset. 

4. The two-way wireless communication system according 
to claim 2, wherein the first transmission means includes: 
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a time variant modulation clock generator for generating 
a time variant clock signal, and modulation means, responsive 
to the time variant clock signal for time variant modulating 
said first audio signal to produce a time variant modulated 
5 first audio signal, said magnetic transmission element 

receiving and transmitting the time variant modulated first 
audio signal. 

5. The two-way wireless communication system according 
10 to claim 4, wherein the first receiver means includes: 

time variant modulation clock recovery means, responsive 
to said received modulated first audio signal, for producing 
a second time variant clock signal, said second time variant 
clock signal being synchronous with said first time variant 
15 clock signal. 

6. The two-way wireless communication system according 
to claim 5, wherein the first transmission means further 
includes a pilot tone generator for generating and 
transmitting a pilot tone to said first receiver means. 

20 

7. The two-way wireless communication system according 
to claim 6, wherein the first receiver means further includes 
a pilot tone detector for detecting said pilot tone 
transmitted by said transmission means. 

25 

8. The two-way wireless communication system according 
to claim 7, wherein said pilot tone detector includes means 
for comparing said detected pilot tone with said second time 
variant clock signal to determine if said detected pilot tone 

30 and said second time variant clock signal are synchronous. 

9. The two-way wireless communication system according 
to claim 8, wherein said pilot tone detector includes means, 
responsive to at least one of said detected pilot tone, for 

35 disabling said second transmission means. 
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10. A two-way communication system for transmitting a 
first audio signal from a first location to a second location 
and for transmitting a second audio signal from the second 
location to the first location, the system comprising: 
5 first transmission means, disposed at said first 

location, for receiving said input signal and for providing a 
first pulse sequence modulated in the time domain by said 
first audio signal, said transmission means including a 
magnetic transmission element for transmitting said pulse 

10 sequence; 

first receiver means, disposed at said second location 
and including a magnetic receiving element magnetically 
coupled to said magnetic transmission element, for receiving 
said pulse sequence and for demodulating said pulse sequence 

15 to reproduce said first audio signal; 

second transmission means, disposed at said second 
location, for receiving said second audio signal and for 
providing a second pulse sequence modulated in the time domain 
by said second audio input signal, said transmission means 

20 including at least one of a RF transmission element and an 

infrared transmission element for transmitting said pulse 
sequence; and 

second receiver means, disposed at said first location 
and including a second receiving element corresponding to said 
25 at least one of a RF transmission element and an infrared 

transmission element, for receiving said pulse sequence and 
for demodulating said pulse sequence to reproduce said second 
audio signal, wherein at least one of said first and second 
locations comprises a portable communication device. 
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